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The  programs  of  the  National  Institute  of  Arthritis,  Metabolisnn,  and 
Digestive  Diseases  are  of  profound  importance  to  the  American  people,  dealing 
as  they  do  with  a  very  wide  range  of  categorical  disease  responsibilities.   The 
magnitude  and  severity  of  health  problems  presented  by  these  diseases  is  extreme, 
and  the  urgency  of  the  enormous  efforts  necessary  to  reduce  their  toll  of  premature 
death,  disability,  and  human  suffering  is  immense.    These  problems  include  arthritis 
and  connective  tissue  diseases,  diabetes  and  other  metabolic  disturbances,  disorders 
of  the  endocrine  glands,  digestive  diseases  and  nutrition,  diseases  of  the  kidney 
and  urinary  tract,  diseases  of  the  blood,  bone,  and  skin,  and  the  field  of  orthopedic 
surgery.    Institute  responsibilities  in  many  of  these  areas  have  expanded  greatly 
in  recent  years  as  a  result  of  special  legislation  concerning  diabetes  and  arthritis 
and  legislative  amendments  establishing  the  National  Arthritis  Advisory  Board, 
the  National  Diabetes  Advisory  Board  and  the  National  Commission  on  Digestive 
Diseases,  all  resulting  in  ambitious  plans  of  action  against  these  disorders  which 
have  begun  to  be  implemented  within  the  past  year.   The  Institute  is  responsible 
for  conducting,  supporting  and  fostering  research  on  diseases  that  affect  all 
ages  and  sexes,  all  ethnic  groups  and  strata  of  society,  research  of  fundamental 
importance  to  virtually  every  citizen  in  our  country. 

More  than  29  million  people  in  the  U.S.,  for  instance,  are  afflicted  with 
arthritis  and  other  rheumatic  and  connective  tissue  diseases,  at  a  cost  to  the  nation   . 
of  over  $13  billion  annually.    There  are  about  100  different  rheumatic  disorders. 
The  national  arthritis  program  conducted  and  supported  by  NIAMDD  is  continuing 
investigations  of  abnormal  connective  tissue  activation  in  rheumatic  diseases,  the 
eroding  effects  of  collagenase  and  lysosomal  enzyme  release  and  of  immune  com- 
plexes in  rheumatoid  arthritis,  immunologic  derangements  in  systemic  lupus 
erythematosus  (SLE),  the  mechanics  of  normal  and  arthritic  joints  and  of  those  fitted 
with  prostheses  (artificial  joints),  and  many  other  related  subjects.   In  the  Arthritis 
Plan  presented  to  the  Congress,  the  Arthritis  Commission  called  for  intensified 
action  to  apply  currently  known  treatments  for  arthritis,  to  teach  necessary  pro- 
fessional skills,  to  demonstrate  and  stimulate  prompt  and  effective  application  of 
available  knowledge  for  treatment  of  patients,  and  to  develop  new  knowledge 
through  Vlultipurpose  Arthritis  Centers,  a  new  program  of  the  Institute  presently 
being  established  around  the  country. 

The  NIAMDD  is  also  currently  establishing  the  National  Arthritis  Information 
Clearinghouse,  whose  mission  is  to  support  and  improve  educational  programs 
of  all  sorts  in  the  rheumatic  diseases  through  compilation,  analysis,  and  distribution 
of  informational  materials. 

The  US-USSR  Health  Exchange  Program  in  Arthritis  continues  to  be 
actively  supported  by  both  the  American  and  the  Soviet  Union  participants. 
The  NIAMDD  sponsored  visits  of  two  U.S.  Scientists  for  one  month  each  in  the 
Soviet  Union  (during  December  1977  and  February  1978)  for  collaboration  in  the 
areas  of  Evaluation  of  Treatment  of  Rheumatoid  Arthritis  and  SLE,  and  Immunology 


of  Rheumatoid  Arthritis  and  SLE.    Four  Soviet  Scientists  visited  several  American 
institutions  during  the  year  and  exchanged  information  in  their  fields  of  interest. 
The  Institute  continues  its  role  as  U.S.  Coordinator  for  the  Cooperative  Program 
in  Arthritis  with  research  and  administrative  support  contracts,  as  well  as  the 
central  role  as  liaison  between  the  Soviet  Union  and  American  scientists. 

The  Institute  also  supports  a  broad  program  of  research  in  orthopedics  and 
bone  diseases,  including  basic  and  clinical  studies  of  skeletal  tissues  under  normal 
and  disease  conditions.   There  are  projects  on  calcium  metabolism  and  bone  formation, 
fracture  healing  and  fixations,  bone  transplantation  and  preservation  of  skeletal 
tissue,  prostheses  (such  as  artificial  joints)  and  relevant  biomaterials,  biomechanics 
and  bioelectricity,  musculoskeletal  dynamics  and  physiology  of  normal  and  abnormal 
gait.   Much  of  this  work  is  of  great  relevance  to  rheumatic  diseases  and  to  repair 
of  joint  damage  caused  by  these  disorders. 

Enactment  in  197^  of  the  National  Diabetes  Mellitus  Research  and  Education 
Act  has  resulted  in  an  unprecedented  attack  on  diabetes  with  implementation 
of  the  Diabetes  Plan  by  the  NIAMDD,  together  with  other  NIH  components  and 
Federal  agencies.   This  concerted  effort  already  is  paying  dividends,  as  detailed 
in  this  annual  report,  and  there  is  hope  that  the  rate  of  emergence  of  symptomatic 
maturity-onset  diabetes  in  predisposed  individuals  will  diminish,  and  that  the 
severity  of  juvenile  diabetes  and  its  grave  complications  may  be  blunted  in  the 
future.  In  October  1977,  the  Institute  announced  the  award  of  nearly  $5)4  million 
in  grants  to  establish  five  Diabetes  Research  and  Training  Centers.   These  Centers 
represent  a  new  type  of  program  for  the  Institute,  initiated  in  accordance  with 
the  National  Diabetes  Mellitus  Research  and  Education  Act  and  the  recommendations 
of  the  National  Diabetes  Commission.     The  Act  has  also  resulted  in  the  creation 
of  the  National  Diabetes  Information  and  Education  Clearinghouse,  and  the  National 
Diabetes  Data  Group,  bodies  which  will  soon  be  meeting  a  longstanding  need 
for  collection,  analysis,  and  dissemination  of  a  wide  spectrum  of  diabetes  informational 
and  educational  materials. 

Diabetes  is  just  one  of  a  broad  spectrum  of  metabolic  diseases  and  inborn 
errors  of  metabolism  investigated  through  NIAMDD  support.   Cystic  fibrosis,  a 
lethal  inherited  metabolic  disorder  affects  one  infant  in  every  1,600  live  births 
and  costs  the  nation  an  estimated  $200  million  annually  in  treatment  alone.   The 
Institute  continues  to  sponsor  investigations  aimed  at  defining  the  cause  of  the 
disease,  at  determining  the  precise  biochemical  and  physiological  aberrations 
associated  with  it,  and  at  developing  improved  methods  of  prompt  diagnosis, 
more  effective  treatment,  and  recognition  of  carriers.    The  Institute  in  collaboration 
with  the  National  Heart,  Lung  and  Blood  Institute,  commissioned  during  1977-1978 
the  preparation  of  a  comprehensive  report  on  the  current  state  of  the  art  and  future 
research  approaches  and  needs  in  cystic  fibrosis.    This  effort  involved  a  broad 
spectrum  of  scientists  in  relevant  disciplines,  and  the  Institute  stands  ready  to 
support  new  research  approaches  recommended  in  this  valuable,  comprehensive 
document. 

The  total  research  effort  of  the  Institute  related  to  the  kidneys  and  urinary 
tract  and  their  disorders  amounted  to  over  $25  million  in  Fiscal  Year  1977.   The 
many  patients  with  chronic  uremia  and  end-stage  kidney  disease  represent  but 
one  facet  of  these  diverse  disorders.    Investigators  supported  by  NIAMDD  are 
seeking  new  methods  of  preventive  therapy,  earlier  diagnosis  and  more  effective 


treatment  through  expanded  knowledge  and  understanding  of  the  basic  mechanisms 
and  causes  of  the  various  disorders.    It  is  of  great  importance  that  this  research 
effort  continue  unabated  and  increase  in  scope  so  that  eventually  improved  methods 
not  only  of  management  but  of  prevention  of  kidney  diseases  and  urinary  tract 
disorders  will  evolve,  providing  patients  with  extended  life  of  maximal  quality 
and  productivity  at  a  minimal  cost. 

Digestive  diseases  hospitalize  more  Americans  than  any  other  group  of  disorders. 
They  affect  more  than  18  million  people  and  their  economic  cost  is  estimated 
at  $16.5  billion  a  year  or  about  $80  annually  for  every  American.    The  NIAMDD 
digestive  diseases  program  encompasses  the  full  spectrum  of  research  of  organ 
systems  associated  with  the  gastrointestinal  tract,  including  salivary  glands,  esophagus, 
stomach,  pancreas,  liver,  gallbladder,  and  small  and  large  intestines.    Research 
activity  is  concerned  with  basic  aspects  of  anatomy,  histology,  physiology,  endocri- 
nology, and  biochemistry  of  the  digestive  tract  in  health,  and  of  their  aberrations 
in  different  disease  states.    Future  efforts  will  be  directed  according  to  a  long- 
range  plan  for  the  use  and  organization  of  national  resources  formulated  in  the 
course  of  an  18-month  study  now  being  conducted  by  the  National  Commission 
on  Digestive  Diseases  established  in  1977.    The  Commission  is  dealing  with  a 
wide  range  of  problems,  including  investigation  into  the  incidence  and  duration 
of  digestive  diseases,  the  mortality  rates  resulting  from  such  illness  and  the 
social  and  economic  impact  of  these  disorders. 

New  implications  for  health  from  the  field  of  nutrition  are  emerging  at 
a  quickening  pace.    Scientists  now  believe  that  of  the  10  leading  causes  of  death 
from  disease  in  the  U.S.  today,  in  six  ~  heart  disease,  stroke,  cancer,  diabetes, 
atherosclerosis  and  cirrhosis  of  the  liver  —  diet  may  play  a  significant  role.   Although 
long  aware  of  the  serious  consequences  of  malnutrition,  investigators  are  presently 
uncovering  a  wealth  of  data  on  the  damaging  effects  of  over-consumption,  a  dietary 
practice  that  has  led  to  an  epidemic  of  obesity  in  the  United  States.   A 
conference  on  Obesity  and  the  American  Public:    A  Task  Force  Analysis  and 
Recommendations  for  Public  Action  was  held  in  October  1977  at  the  National  Institutes 
of  Health.    Sponsored  in  part  by  the  NIAMDD,  the  three-day  scientific  meeting 
was  convened  to  analyze  background  information  in  several  key  areas  of  obesity 
research,  and  to  recommend  avenues  of  more  extensive  investigation  on  this 
major  public  health  problem.   Since  1965,  the  Malnutrition  Panel  of  the  U.S.  - 
Japan  Cooperative  Medical  Science  Program  has  served  as  the  primary  vehicle 
through  which  international  nutrition  research  activities  are  identified  for  support. 
The  projects  funded  under  this  grant  and  contract  program  are  geared  to  several 
general  priority  areas:    the  relationship  of  nutrition  to  host  and  environmental 
factors,  to  infections,  and  to  brain  and  physical  development  and  behavior  in 
infants  and  children,  as  well  as  to  its  role  in  anemia.    In  addition,  the  Panel  has 
cited  a  new  objective  ~  the  health  consequences  of  changing  patterns  of  nutrition 
and  food  habits,  a  research  effort  that  will  benefit  not  only  the  underdeveloped 
regions  of  Southeast  Asia,  but  the  populations  of  industrialized  Japan  and  the 
U.S.  as  well. 

During  this  year,  the  Institute  has  continued  its  commitment  to  providing 
training  for  its  personnel.  Short-term  training  opportunities,  for  example,  have 
been  arranged  for  more  than  154  secretarial-clerical  employees,  26  supervisory- 
managerial  personnel,  and  147  members  of  the  professional  staff.  The  NIAMDD 
Equal  Employment  Opportunity  Subcommittee  on  Upward  Mobility,  Development 


and  Training  has  conducted  workshop,  seminar  and  training  classes  for  over  100 
employees  over  the  past  five  years,  and  currently  has  41  Institute  employees 
in  training.    Activities  currently  offered  include  courses  in  basic  chemistry,  basic 
mathematics,  and  three  new  courses  in  tissue  culture,  which  were  developed 
this  year. 

The  Institute  continues  to  conduct  an  active  Equal  Employment  Opportunity 
Program.   The  NIAMDD  EEO  Advisory  Committee  meets  monthly  to  discuss  issues 
and  concerns  and  to  formulate  recommendations  to  meet  EEO  objectives  as  spelled 
out  in  the  Institute's  Affirmative  Action  Plan.   During  this  year,  the  Advisory 
Committee  made  recommendations  to  NIH  officials  for  improvements  relating 
to  problems  facing  visiting  scientists  and  guest  workers.    The  Committee 
also  surveyed  the  opinions  of  NIAMDD  employees  concerning  equal  opportunity, 
and  a  preliminary  report  of  the  survey  results  was  given  at  the  Annual  Institute 
EEO  Meeting.    The  findings  set  forth  in  the  full  report  will  be  used  to  update  the 
Institute's  Affirmative  Action  Plan  in  the  months  ahead. 


ANNUAL  REPORT 

LABORATORY  OF  NUTRITION  AND  ENDOCRINOLOGY 

NATIONAL  INSTITUTE  OF  ARTHRITIS,  METABOLISM,  AND  DIGESTIVE  DISEASES 

The  Laboratory  of  Nutrition  and  Endocrinology  lost  two  eminent  colleagues 
this  past  year.   Mr.  Ernest  G.  McDaniel  retired  as  of  May  1,  1978  after  many 
years  of  productive  work  as  head  of  the  germ-free  animal  research  facilities. 
Even  up  to  the  last  moment,  he  continued  his  research.   Dr.  Floyd  S.  Doft  died 
on  May  25,  1978  after  a  long  illness.   Dr.  Doft  was  the  second  Chief  of  this 
laboratory  and,  in  fact,  initiated  the  germ-free  facilities  and  hired 
Mr.  McDaniel  to  run  these  facilities.   For  ten  years  Dr.  Doft  was  the  Director 
of  NIAMDD  until  he  retired  in  1962.   Thus  concludes  an  era  of  productive 
research  by  these  individuals  in  the  nutrition  of  germ-free  animals. 

MEMBRANE  REGULATION  SECTION 

Mechanism  of  Action  of  Hormones  and  Guanine  Nucleotides  on  Adenylate  Cyclase 
Systems 

The  functional  sizes  of  the  glucagon  receptor  and  of  adenylate  cyclase,  in 
their  uncoupled  and  coupled  forms  in  the  hepatic  plasma  membrane,  have  been 
determined  using  high  energy  radiation  analysis.   The  inactive  or  ground  state 
of  adenylate  cyclase  approximates  a  tetr..jner  of  which  each  subunit  is  about 
300,000  molecular  weight.   GTP  (or  analogs  such  as  GMP-PNP) ,  acting  at  nucleo- 
tide regulatory  sites  associated  with  a  component  linked  to  the  enzyme,  rapidly 
convert  the  oligomer  to  monomers  which  represent  the  active  form  of  the  enzyme. 
Fluoride  ion,  presumably  by  a  separate  mechanism,  also  activates  the  enzyme  by 
converting  the  tetramer  to  monomers.   Based  on  studies  of  the  binding  of 

I-glucagon  to  glucagon  receptors,  the  uncoupled  receptor  is  an  oligomer, 
probably  a  tetramer,  of  which  each  subunit  approximates  200,000  daltons. 
Binding  of  glucagon  to  the  oligomer  slowly  forms,  probably  by  a  concerted 
allosteric  mechanism,  a  state  in  which  the  hormone  binds  cooperatively  and  in  a 
slowly  reversible  fashion.   GTP,  acting  through  a  separate  nucleotide  regulatory 
component  from  the  one  associated  with  adenylate  cyclase,  rapidly  converts  the 
oligomeric  form  of  the  receptor  to  monomers.   The  latter  was  assessed  by  the 
functional  size  of  adenylate  cyclase  when  it  is  activated  by  glucagon  plus  GTP 
(or  GMP-PNP) ;  the  size  increases  over  that  given  by  the  guanine  nucleotides 
alone  to  approximately  200,000  daltons.   Since  this  size  is  that  of  the  monomers 
comprising  a  glucagon  tetramer,  it  is  concluded  that  GTP  disperses  the  tetra- 
meric  form  of  the  receptor  to  the  monomers;  the  latter  interact  with  the  enzyme 
to  form  the  high  activity,  hormone-sensitive  form  of  the  adenylate  cyclase 
system.   Based  on  analysis  of  the  kinetics  of  glucagon  binding  and  activation  of 
adenylate  cyclase,  and  of  the  role  of  guanine  nucleotides  in  this  process,  we 
suggest  that  the  nucleotide  regulatory  components  for  the  guanine  nucleotides 
are  the  required  "coupling"  factors  necessary  for  linking  the  receptor  and 
enzyme  within  the  plane  of  the  membrane.   The  results  obtained  from  target  size 
analysis  now  suggests  that  the  enzyme  and  receptor  must  be  converted  from  their 
oligomer  to  monomeric  forms  for  linkage  to  occur.   This  conversion  to  monomeric 
forms  occurs  due  to  binding  of  the  guanine  nucleotides  to  the  nucleotide  regu- 
latory components,  resulting  both  in  coupling  of  these  units  in  the  membrane, 
the  formation  of  a  high  affinity  form  of  the  glucagon  receptor,  and  increased 


production  of  cyclic  AMP  by  the  coupled  form  of  the  enzyme  system  in  the 
presence  of  glucagon  and  GTP.   Thus,  for  the  first  time,  we  have  a  coherent 
model  for  hormone  action  which  takes  into  account  both  the  kinetics  of  hormone 
and  guanine  nucleotide  action  and  the  structures  of  the  hormone  receptor  and 
enzyme.  (M.  Rodbell  and  W.  Schlegel) 

Structure-function  Relationships  for  Glucagon  ft 

Glucagon, _«-  has  been  prepared  by  treatment  of  glucagon  with  carboxy- 
peptidase  A.   Thxs  fragment  retains  full  biological  activity  although  its 
potency  is  1/1000  that  of  the  native  hormone.   It  also  binds  to  the  glucagon 
receptor  with  1/1000  the  affinity  of  glucagon.   The  importance  of  this  finding 
is  that,  contrary  to  that  stated  in  the  literature,  the  hydrophobic  C-terminal 
region  (residues  22-29)  of  glucagon  is  not  required  for  biological  activity. 
It  has  been  suggested  that  this  region  of  the  molecule  confers  a  tertiary      j, 
structure  required  for  interaction  with  the  receptor.   However,  our  studies    ■ 
suggest  that  the  hydrophobic  region  is  required  for  high  affinity  reaction  with 
the  receptor. 

The  alpha  amino  and  epsilon  amino  groups  of  glucagon  have  been  amidated 
with  a  series  of  alkylimidates .   Alkyl  (or  aryl)  amidation  of  the  epsilon  amino 
group  yields  glucagon  derivatives  that  are  as  potent  as  the  native  hormone  even 
when  bulky  groups  are  incorporated.   These  findings  contrast  with  previous 
studies  showing  that  acylation  of  the  epsilon  amino  group  results  in  marked 
decreases  in  biological  activity.   Thus,  it  appears  that  retention  of  charge  at 
the  lysyl  residue  is  necessary  for  full  potency  of  glucagon.   By  contrast, 
amidation  of  the  alpha  amino  N-terminal  residue  (histidine)  results  in  deriva- 
tives that  behave  as  partial  agonists;  i.e.,  saturating  concentrations  of  the 
derivatives  fail  to  yield  more  than  80-90%  of  the  activation  of  adenylate 
cyclase  in  hepatic  membranes;  these  derivatives  also  show  decreased  binding  to 
-the  receptor.   We  suggest  that  the  amidates  interact  with  the  imidazole  residue 
of  histidine,  possibly  through  hydrogen  binding,  thus  shielding  possible  inter- 
actions of  the  imidazole  protons  with  the  glucagon  receptor.   Our  previous 
studies  with  des-1-histidyl  glucagon  have  shown  that  the  histidine  residue  plays  ^ 
an  important  role  in  the  actions  of  glucagon  on  the  hepatic  cyclase  systems; 
this  role  may  be  due  to  the  putative  interactions  of  the  imidazole  protons  of 
histidine  with  the  receptor. 

Since  arylimidate  substitutions  on  the  epsilon  amino  group  of  glucagon 
give  highly  potent  derivatives,  we  are  now  preparing  glucagon  with  reporter 
groups  on  the  lysyl  residue  that  can  be  used  for  affinity  labeling  of  the 
glucagon  receptor.   (D.  Wright  and  M.  Rodbell) 

Studies  of  Hormone  Responses  in  Cultured  Cells 

Various  chemical  reagents  such  as  butyrate,  dimethylsulf oxide,  methyl- 
acetamide,  and  l-methyl-3-isobutylxanthine  have  been  found  to  induce  hormone 
responses  in  cultures  of  rat  fetal  hepatocytes,  Hela  cells,  and  erythroleukemic 
cells.   Induction  of  hormone  response  (to  epinephrine  or  glucagon,  depending  on 
the  cell  type)  involves  the  synthesis  of  hormone  receptors  and  possibly  factors 
involved  in  the  coupling  to  adenylate  cyclase  systems.   Induction  of  hormone 
receptors  and  response  of  adenylate  cyclase  to  hormones  appears  to  be  an  early 
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event   since    it   precedes   the  appearance  of   other  differentiated    functions   such 
as   the   synthesis   of   hemoglobin    in   erythroleukemic   cells.       Interestingly,    the 
induction   of    hormone  receptor   content  and    hormone  response    is   accompanied   by  a 
dramatic   fall    in   the  ability  of   GTP  alone   to   stimulate  adenylate  cyclase 
activity.      It    is   suggested    that    the  rise   in   hormone  response  reflects   the 
coupling   of   nucleotide  regulatory  components    involved    in   activation  of   adeny- 
late cyclase   by   hormones.       (M.C.    Lin   and  Chiu-Shiong    Lin) 

.Actions   of   Adenosine   on   Fat   Cell   Adenylate  Cyclase 

In  previous   studies  we   have  established   that    two    independent   receptor 
sites   for  adenosine,    termed  R-type  and   P-type,    are  associated   with  many  adeny- 
late  cyclase   systems.      In  most   cell    types    investigated    the  R-type  receptor 
causes    stimulation  of   adenylate  cyclase.      Stimulation  by  adenosine   through 
R-site  receptors   requires  GTP    in    isolated  membrane  preparations,    is    inhibited 
by    low  concentrations   of   methyl   xanthines,    and   appears    to    be   an    external   cell 
membrane   receptor.       In   contrast,    the  P-type   receptors   for  adenosine    invariably 
mediate   inhibition   of   adenylate  cyclase  activity.      Adenosine  action   through 
P-sites   does  not    require  GTP    for    its   expression,    is  not   blocked   by  methyl 
xanthines,    and  may   be  associated   with  divalent   cation   activation   of   adenylate 
cyclase  since  .Hn   or  Mg   affect   the  potency  of   action   of   adenosine   through  the 
P-sites. 

An   exception    to   the  above  generalizations    is    the    fat   cell   which  contains 
an   adenylate  cyclase   system  that    is    inhibited   by  adenosine  action  at   both  the 
P   and   R   sites.      -Adenosine   action   at    the  R-site   leads    to    inhibition   of    activa- 
tion  of   adenylate   cyclase   elicited   by   such   hormones   as   catecholamines,    ACTK, 
and   glucagon   both   in    intact    fat   cells   and    in    isolated   plasma  membrane   prepara- 
tions.     Activation   by   these   hormones   and    inhibition   by   adenosine   are  mediated 
by  distinct  GT?-dependent   processes;    the   latter   is   exerted    through  a  GTP- 
inhibitory  process  which  our   earlier   studies    indicates    is   a   separate  protein 
from   the  GTP   regulatory  process    involved    in   hormonal   activation.      These 
findings  not   only  explain   the  potent    effects   of   adenosine   on   fat    cell 
metabolism,    they   illustrate   the   phenomenon  of    antagonism  between    two    ligands 
(hormone  and  adenosine)    which  act   at    separate  cell   surface   receptors   to  modify 
adenylate   cyclase  activity.      These   findings   also    indicate   that    separate  GTP 
regulatory   processes  mediate   the  actions   of    agents    through   external    surface 
membrane  receptors.      (Londos,    Cooper,    Yamamura,    and   Schlegel) 

Purification   and  Characterization   of    Hepatic   Adenylate  Cyclase 

Adenylate  cyclase    in   hepatic  membranes    is   regulated   by   hormones,    guanine 
nucleotides,    and  divalent   cations.      However,    when   solubilized  with   either 
neutral   or   ionic   detergents,    the   enzyme   loses  activity  when  assayed    in   the 
presence  of  magnesium   ions,    guanine  nucleotides,    and   hormones.      When   the   enzyme 
is   preactivated   with  GMP-PNP   prior   to    solubilization,    the   enzyme   retains 
divalent   cation   regulation   and  most   of    the  activity    is    recovered.      Detergent 
solubilization  of    the  non-preactivated   enzyme  appears   to   result    in  dissociation 
of    the   catalytic  unit   from   components    involved    in  metal    ion,    guanine  nucleo- 
tide,   and   hormonal   regulation.      The  dissociated    enzyme  uses  MnATP    rather   than 
MgATP    as   substrate.      It    is   also  not   affected   by   adenosine  and,    unlike   the 
enzyme   in    its  membrane   regulated   form    is  markedly   susceptible   to    inhibition   by 


Pi  or  PPi.   These  characteristics  of  the  dissociated  enzyme  are  very  similar  tol 
those  of  the  mature  rat  testis  adenylate  cyclase  that  exists  normally  in  a 
soluble  form.   (Londos,  Lad,  and  Nielsen) 

Purification  of  Testicular  Adenylate  Cyclase 
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The  mature  rat  testis  contains  a  soluble  form  of  adenylate  cyclase  which,  unlike 
the  usual  membrane-bound  form  of  the  enzyme,  is  not  regulated  by  fluoride  ion  aII 
guanine  nucleotides,  metal  ion,  hormones,  or  adenosine.   Since  it  may  represent W 
the  catalytic  unit  of  the  membrane-bound  form  of  the  enzyme  efforts  have  been 
made  to  purify  the  testis  enzyme.   We  have  succeeded  thus  far  in  purifying  the 
enzyme  about  10,000-fold  with  respect  to  the  original  homogenate  with  specific 
activities  near  2  micromoles/min/mg  protein.   Efforts  are  underway  to  purify  the 
enzyme  on  a  large  scale.   (C.  Londos  and  T.  Shinozawa) 

DEVELOPMENTAL  BIOCHEMISTRY  SECTTOW 

Structure  of  Chromatin  Particles 

Histone  acetylation  has  been  thought  to  possibly  play  a  role  in  gene  acti- 
vation.  Using  Ingraham's  observation  that  sodium  n-butyrate  leads  to  extensive 
in  VIVO  acetylation  of  H3  and  H4 ,  we  have  investigated  the  effects  of  this 
histone  modification  on  chromatin  structure.   Nuclei  from  butyrate  treated  HeLa 
cells  are  digested  5-10  fold  more  rapidly  by  DNAase  I  than  controls.   Staphylo- 
coccal nuclease  excises  monomeric  nucleosomes  with  highly  acetylated  histones 
more  rapidly  than  those  with  unmodified  histones.   Effects  of  the  modification 
on  chromatin  and  core  particle  structure  are  less  marked,  although  two  regions   1 
of  core  particle  DNA  normally  resistant  to  nucleases  become  more  readily  di-    M 
gested  in  particles  with  acetylated  H3  and  H4 .   The  results  are  consistent  with  ^'^ 
the  hypothesis  that  acetylation  is  involved  in  formation  of  a  transcribable  gene 
region,  but  suggest  that  the  altered  structure  is  at  a  higher  level  of  chromatin 
organization  than  the  core  particle. 

Histone  HI  has  been  thought  to  be  associated  with  repressed  gene  segments. 
We  have  isolated  from  micrococcal  nuclease  digests  of  chicken  erythrocytes  a 
particle  which  we  call  a  chromatosome,  containing  160  bp  of  DNA,  an  octamer  of 
the  four  smaller  histones,  and  a  molecule  of  lysine-rich  histone,  HI  or  H5. 
This  particle  is  compact  in  structure,  highly  stabilized  to  thermal  denatura- 
tion  quite  resistant  to  digestion  by  DNAase  I,  and  has  the  additional  20  bp  of 
DNA  (vs.  the  core  particle)  in  a  conformation  different  from  that  present  in  the 
core  particle.   Mapping  studies  with  5 '-end  labeled  chromatosomes  suggest  that 
It  contains  an  extra  10  bp  of  DNA  on  each  end  of  the  140  bp  core  particle  length.  . 
Thus,  It  appears  likely  that  the  chromatin  repeating  subunit  may  well  contain 
two  full  turns  (80  bp  each)  of  DNA  around  the  histone  core,  with  a  molecule  of 
lysine-rich  histone  bound  outside  this  globular  particle.   The  properties  of 
chromatosomes  are  consistent  with  their  being  present  in  repressed  segments  of 
chromatin,  a  hjrpothesis  currently  under  test.  / 1  I 

The  role  of  the  pairs  of  histones,  (H3  +  H4)  and  (H2A  +  H2B) ,  in  folding 
DNA  have  been  further  investigated .   The  complex  of  140  bp  DNA  with  H3  +  H4  is 
compact  and  appears  in  the  electron  microscope  to  be  closely  similar  to  core 
particles.   It  contains  a  tetramer  of  the  arginine  rich  histones.   In  contrast. 


the  complex  of  this  DNA  with  H2A  +  H2B  has  a  greater  frictional  coefficient 
and  lacks  nucleosome-like  morphology.   Both  pairs  of  histones  are  required  to 
generate  the  melting  and  circular  dichroic  properties  of  native  core  particles. 

We  previously  showed  that  removal  of  the  highly  basic  amino  terminal 
regions  of  the  histones  by  limited  tryptic  proteolysis  led  to  only  slight 
alterations  in  core  particle  structure.   We  have  now  been  able  to  show  that  the 
amino  terminal  regions  of  the  four  smaller  histones  are  not  required  for  the 
folding  of  DNA  into  such  particles.   Trypsin-treated  histones  efficiently  fold 
140  bp  DNA  into  structures  virtually  identical  with  the  parent  trypsin-treated 
core  particles.   Further,  histone-histone  interactions  were  similar  for  native 
and  trypsin-treated  proteins,  as  judged  by  crosslinking  experiments. 

Reconstitution  of  Core  Particles 


Necessary  conditions  for  the  reassociation  of  histones  and  DNA  (dissociated 
in  2.5  M  NaCl)  were  determined.   Following  a  salt  jump  to  0.6  M  NaCl,  75%  of  the 
DNA  is  refolded  into  core  particle-like  structures  within  less  than  one  minute. 
The  remaining  DNA  refolds  over  a  period  of  several  hours.   Both  the  fraction  of 
DNA  in  the  slow  phase  and  the  kinetics  of  the  reaction  are  independent  of  sample 
concentration.   The  results  are  not  due  to  heterogeniety  of  the  samples,  either 
in  DNA  or  histones.   The  time  course  of  the  reassociation  varies  in  an  Arrhenius 
fashion,  indicative  of  an  activation  energy  of  2.6  kcal.   The  intermediates 
during  the  slow  phase  were  i-entified  as  free  DNA  and  core  particles  complexed 
loosely  with  an  extra  portion  of  histones  Clikely  as  an  octamer) .   A  mechanism 
consistent  with  the  kinetic  observations  has  been  formulated  and  implications  of 
this  mechanism  for  transcription  and  replication  defined. 

Relevant  to  the  mechanism  of  histone-DNA  association  is  the  state  of  the 
histones  when  dissociated  from  DNA  in  high  salt  solutions.   Membrane  osmometry, 
a  technique  which  does  not  require  knowledge  of  the  protein  density  increment 
and  is  insensitive  to  small  amounts  of  contaminating  DNA  in  histone  prepara- 
tions, has  been  used  to  define  the  state  of  association  of  histones  in  2  M  NaCl. 
Results  demonstrate  the  presence  of  large  amounts  of  octamer,  likely  in  a 
concentration-dependent  equilibrium  with  histone  tetramers,  when  measurements 
are  done  at  25''C.   The  octamer  of  histones  can  be  isolated  after  crosslinking 
with  dimethylsuberimidate.   In  contrast  to  the  octamer  formed  by  in  situ  cross- 
linking  of  core  particles,  this  solution  octamer  does  not  refold  DNA  into  core 
particle-like  structures,  indicating  that  either  critical  residues  for  DNA 
binding  have  been  modified  or  that  the  molecular  details  of  histone  interactions 
in  the  octamer  within  the  core  particle  and  the  octamer  in  high  salt  are  not 
identical. 

Binding  of  Triiodothyronine  (T3)  to  Chromatin 

Using  the  hydroxyapatite  binding  assay  previously  detailed,  measurements  of 
the  stoichiometry  and  stability  of  T3  binding  to  chromatin  from  several  rat 
tissues,  liver  of  rats  of  different  ages,  and  rats  in  different  hormonal  status 
have  been  obtained.   Binding  constants  for  T3  interaction  with  liver  chromatin 
under  optimal  ionic  conditions  are  5-50  fold  higher  than  determined  by  others 
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for   binding   to  nuclei  or   chromatin;    the  number   of    binding    sites  detected 
somewhat   lower   than   reported    by   others.      Brief   digestion   of   liver   chromatin 
with  mxcrococcal  nuclease  leads   to   only   small    losses   of    total  T3   bind 
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digests  are  fractionated  by  sucrose  gradient  sedimentation,  the  bulk  of 
the  bxnding  activity  is  recovered  sedimenting  slower  than  the  IIS  monomer 
nucleosome  peak. 

Interactions  of  Xenobiotic  Compounds  with  Chromatin  Particles 

_Benz(a)pyrene  diol  epoxide  I  is  likely  the  ultimate  carcinogen  produced 
by  microsomal  aryl  hydrocarbon  hydroxylase  metabolism  of  the  polycyclic 
aromatic  hydrocarbon,  benzpyrene.   The  reaction  of  ^^-labeled  BPDE  with  core 

InT^i     %  ""hm!  '^^^'  °""''"  ^^P'''^^  ^'  ^""^   physiological  ionic  strengths 

and  pH  values.   DNA  is  most  modified;  nuclease  digestions  confirm  the  sugges- 
tion of  others  that  modification  with  the  carcinogen  leads  to  a  partial  single- 
stranded  character  for  the  modified  DNA.   Among  the  nonhistones,  a  protein  of 
polypeptide  molecular  weight  40,000  reacts  rapidly  and  to  completion  with  BPDE. 
The  protein  is  present  in  trace  amounts,  reacts  with  BPDE  when  associated  with 
or  dissociated  from  DNA,  and  requires  an  intact  three  dimensional  structure  to 
exhibit  the  preferential  reactivity.   Other  polycyclic  aromatic  hydrocarbons 
compete  with  BPDE  for  modification  sites  on  the  nonhistone  protein.   The 
protein  appears  to  be  absent  from  core  particles  isolated  from  HTC  cells-  these 
cells,  in  contrast  to  HeLa,  lack  inducible  aryl  hydrocarbon  hydroxylase 
activity.  ■' 

„,,,J^°^  ,^^  I  highly  reactive  electrophilic  compound,  reacting  with  almost  any 
protein.  We  have  used  BPDE  as  a  probe  of  surface  residue  availability  in  core\| 
particle  histones  under  different  ionic  conditions.  At  low  ionic  strengths,  l] 
lit       /u';l^  °''^^   ^^^^°^^  modified.   In  the  range  from  50-200  mM  NaCl,    '' 

H2A_and  H2B  react  equally  well,  H3  and  H4  are  nearly  unmodified.   At  higher 
ionic  strengths,  the  reactivity  of  H2A  decreases  to  almost  nil  at  400  mM  NaCl 

So  M  ^  r^        i!^"^  '°  ''^^'''  ^^  '^^  ""  particle  structure  loosens  up  in 
600  mM  NaCl.   The  differential  reactivities  are  a  result  of  histone-hLtone 
interactions;  they  are  not  observed  when  histones  are  dissociated  in  urea 
The  results  are  taken  to  indicate  conformational  transitions  occurring  in' 
core  particles  within  a  physiological  range  of  ionic  strength,  a  feature  of 
core  particle  structure  not  previously  suspected. 


Purification  of  Class  II  Restriction  Endonucl 


eases 


Preparation  of  restriction  endonucleases  for  use  in  DNA  sequence  analysis 
requires  removal  of  bacterial  nucleic  acid  and  contaminating  nucleases;  pub- 
lished procedures  have  required  at  least  two  steps  and,  often,  concentration 
steps  leading  to  losses  in  activity.   Cibacron  Blue  dye  coupled  to  agarose 
n  f ^  M  P"^^^^^'^  restriction  enzymes;  they  can  be  quantitatively  eluted  by 
0.5  M  NaCl.   Absorption  of  high  speed  supernatants  of  bacterial  sonicates  from   ,, 

"^n^^f"^  T  ^^^   ^^l^'^s,  followed  by  washing  at  low  ionic  strength  to      I 
remove  DNA  and  contaminating  nucleases,  and  salt  gradient  elution,  led  to       1 
purification  of  the  appropriate  restriction  enzymes,  free  from  nucleic  acid  and 
other  nucleases,  and  sufficiently  concentrated  for  direct  use  in  DNA  hydrolysis. 
The  method  is  rapid,  allowing,  for  example,  determination  of  the  optimal  culture 
conditions  for  production  of  these  important  enzvmatic  reagents 
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Developmental  Transition    in  Mosses 

Nanomitrium  austinii  undergoes   a  developmental    transition   from   a 
filamentous   protonema   to   a   leafy  gametophore.      The  moss   has   been   brought    into 
aseptic   culture  and   genetic    studies  begun.      Auxotrophs   are  being    selected 
using   photodynamic    inhibitors    such  as   arsenate.      Methods   for   preparation   of 
viable  protoplasts   have  been  developed    to   facilitate   later    fusion    studies   and 
to   allow  preparation   of    subcellular   organelles. 

Bacillus   Amyloliquef aciens   Extracellular   Ribonuclease 

lodination   of    this   ribonuclease    in    the  crystalline   state   leads   to  modifi- 
cation  of    only   tyrosyl   residue   17.      This   derivative  will   hopefully  provide   the 
isomorphous  heavy   atom  derivative  needed   for   completion   of    the   crystal    structure 
of    the  protein. 

NUTRITIONAL   BIOCHEMISTRY   SECTION 

Vitamin   E  Nutrition   and   Metabolism 

Further   studies   of    the  ct-tocopherol  binding    protein    in   rat    liver   showed 
that    the   selenium   status   of    animals  did   not    affect    the  binding   protein.      In 
studies   of    the   effect   of    increased   dietary   polyunsaturated    fatty   acids   on    the 
vitamin   E    status   of    rats,    it   was   found    that    tissue   ct-tocopherol   changed    litt-.e 
or   not   at   all,    but    that    tissue  polyunsaturated   acids    increased   considerably. 
It  was   concluded    that    the  decrease   in    the    tissue  ratio   of    ct-tocopherol:    poly- 
unsaturated   fatty   acids   was   due  primarily   to    the    increase    in   these   fatty   acids 
and   not    to   destruction   of    a-tocopherol. 

Biochemical   Studies   of   Hepatic   and    Intestinal   Function 

The   ability   of    rat    liver   and    intestine   to    synthesize   the   individual 
constituent   apoproteins   of   plasma   lipoproteins   was   determined.      A  different 
pattern   of    synthesis  was   observed    for    each   organ,    studied    individually   by 
perfusion   techniques   under   physiological   conditions.      Isolated,    perfused    livers 
synthesized  mostly   the  arginine-rich  protein    (ARP) ,    apolipoprotein   B    (apoB)    and 
the  apoC  peptides.      To    study    intestinal    synthesis,    an    in    situ  jejunal    segment 
preparation   with    intact   arterial    supply   and    totally   collected    lymph  and   venous 
drainage  was   developed.      Intestine   synthesized,    in   addition    to   apoB,    mostly 
apoA-I   and   apoA-IV   and   almost   no  ARP   and    apoC .      Most,    but   not    all,    of    the 
intestinal   products   reached    the   blood   by  way   of   mesenteric    l;7mph.      Double- 
label   experiments    in   which   plasma   proteins  derived    from   liver  and    intestine 
were  differentially   labeled    in  vivo,    have   confirmed    in   the    intact    animal   the 
important    role   of    the   small    intestine    in  providing    two   of    the   circulating 
apoproteins — apoA-I   and   apoA-IV.      In   other   studies,    also  with   the   auto-perfused 
intestinal   preparation    in   situ,    the  metabolic   utilization   of    glucose   by 
intestine  during   glucose   transport   from   lumen   to   blood   under    typical  meal-eating 
conditions   was   found   to   be  very    small,    less   than   3%    of    the   total   being    trans- 
ported,   in   contrast    to   earlier   results   from   other    laboratories   obtained   under 
less   physiological   conditions. 


11 


< 


VITAMIN  METABOLISM  SECTION 

The  binding  of  drugs,  substrates  and  cofactors  to  dihydrof olate  reductase 
continues  to  be  of  considerable  pharmacological  and  biochemical  interest  since 
this  enzyme  is  most  probably  the  site  of  action  of  the  powerful  chemothera- 
peutic  agent,  methotrexate.   However  the  many  unique  facets  of  this  enzyme  are 
not  immediately  apparent  from  an  examination  of  its  role  in  folate  metabolism 
or  the  nature  of  the  reductase  reaction  it  catalyzes.   Thus,  not  only  does 
this  enzyme  bind  its  substrates  very  tightly,  but  it  is  among  the  smallest 
known  pyridine  nucleotide  dependent  dehydrogenases.   The  chicken  liver  enzyme, 
for  example,  consists  of  a  single  polypeptide  chain  of  molecular  weight  22,500 
In  addition,  an  unusual  series  of  enzyme  activations  have  been  observed  with 
chicken  liver  dihydrof olate  reductase.   Its  activity  is  markedly  increased  by 
high  concentrations  of  urea  or  thiourea,  or  very  low  concentrations  of  organic 
mercurials,  inorganic  iodine,  or  tetrathionate. 

The  binding  of  the  anti-folate  drugs  such  as  methotrexate  (4-amino-lO- 
methyl  folic  acid)  are  of  particular  interest  since  the  inhibitory  properties 
are  basically  a  consequence  of  the  replacement  of  a  4-hydroxyl  group  of  the 
vitamin,  folic  acid,  by  an  amino  group.   Theoretical  explanations  for  this 
increased  affinity  are  based  on  the  altered  basicity  of  the  4-amino  analogs, 
most  probably  involving  the  N-1  position  of  the  pteridine  ring.   The  binding 
of  the  folates  and  methotrexate  to  dihydrof olate  reductase  generate  a  complex 
UV  difference  spectrum  characteristic  of  the  particular  ligand.   In  the  case  of | 
methotrexate  binding,  the  ligand-enzyme  difference  sprectrum  is  almost  iden-    B 
tical  to  that  observed  when  free  methotrexate  at  pH  7.4  is  compared  with  free   j 
methotrexate  at  pH  1.75.   This  remarkable  correspondence  is  not  observed  with  I 
the  binding  of  folate  or  dihydrof olate  to  the  enzyme  as  compared  with  pH 
difference  spectra,  regardless  of  pH.   These  results  are  interpreted  to  indi- 
cate that  when  methotrexate  binds  to  the  enzyme,  a  specific  protonation  of  the 
drug  occurs  which  does  not  occur  when  the  normal  substrates  bind. 

In  order  to  detect  and  measure  directly  any  proton  release  or  uptake 
attending  the  binding  of  folate  and  dihydrof olate  versus  methotrexate,  the 
enthalpies  of  interaction  were  examined  calorimetrically  in  the  presence  of 
buffers  which  have  very  different  heats  of  protonation,  i.e.,-tris  versus 
phosphate.   Thus  any  differences  in  heats  observed  can  be  attributed  to  proton 
release  or  uptake  for  the  process  under  consideration  since  the  kinetics  of  the  : 
enzyme  are  essentially  the  same  in  both  buffers.   For  folate  and  dihydrof olate 
the  enthalpies  of  binding  to  the  enzyme  are  almost  identical  in  both  buffers 
whereas  the  calorimetric  signals  observed  upon  the  formation  of  the  same  amount 
of  enzyme-methotrexate  complex  in  phosphate  and  tris  buffers  are  drastically 
different.   The  difference  of  10.4  kcal  mol~   is  almost  exactly  equivalent  to 
the  transfer  of  one  proton  from  the  buffer  to  the  ligand  in  the  binding  process. 
Thus,  these  measurements  constitute  an  unequivocal  validation  of  the  previous   . 
hypothesis  that  methotrexate  binds  to  the  enzyme  in  the  cationic  state  while   1 
the  folates,  folate  and  dihydrof olate,  bind  in  the  neutral  state.   In  addition, 
the  thermodynamic  parameters,  AG,  AH,  and  AS,  characteristic  of  the  tight  bind- 
ing of  folates,  pyridine  nucleotides  and  methotrexate  to  chicken  liver  dihydro- 
folate  reductase  have  been  also  determined  from  a  combination  of  calorimetric 
and  fluorescence  measurements.   The  binding  of  NADPH  and  NADP"*"  is  characterized 
by  small  negative  enthalpies  and  large  positive  entropies  while  the  binding  of 
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the   folates   and  methotrexate   is   accompanied   by   large  negative   enthalpies   and 
small   negative   entropies.      Thus    it    is   concluded    that    the  binding    (reactions) 
of    folates   and  methotrexate   to   the   enzyme   are   enthalpy-driven-entropy-compen- 
sated   while   the  binding    reactions   of   NADP      and   NADPH   are   entropy-driven- 
enthalpy-assisted   processes.      These   thermodynamic    studies   suggest   that    the 
mechanism   of    folate  binding    is   quite  different   from   that    of    pyridine  nucleotide 
binding.      In   conjunction  with  other  data    (NMR)    it    is    suggested    that   NADPH   and 
NADP      binding    is   associated   with  a   significant    conformational   change   in   the 
enzyme  whereas   little   or   no   change   occurs    on    folate  binding. 

Chicken   liver  dihydrof olate   reductase   has   been   crystallized   and    is 
currently  undergoing   X-ray   analysis.      Approximately   75%    of    the   amino   acid 
sequence   has   been  determined    to   date. 

ENDOCRINOLOGY    SECTION 


Mechanism   of   Hormonal  Regulation   of   Lipoprotein   Lipase  Activity    in  Mammary 
and   Adipose  Tissue 

Previous   work   in   this    laboratory   has   been   directed   at    studying  mechanisms 
whereby   prolactin,    prostaglandin   F^^    ^^'^^2a^  ♦    Pi^°gssterone,    insulin   and    other 
hormones   regulate   lipoprotein   lipase  activity   in  mammary  gland   and    adipose 
tissue.      To    study   control   of    this   enzyme  activity  under  more  defined   conditions, 
techniques   were  developed    for    isolating   and   culturing    cells   from  mammary  gland. 
Subsequent    experiments    showed    that   prolactin   plus   a   limited    combination   of 
other   hormones   could    increase   lipoprotein    lipase  activity   in   primary   cells. 
However,    our  goal   of   using    such   cells    in   a  detailed    study  of    enzyme   regulation 
was    temporarily  abandoned   because   of   much  difficulty   encountered    in   obtaining 
sufficient   number   of    cells    that   would  maintain   this  differentiated    function    in 
culture. 

During    the  past   year,    we  have  used    3T3-L1   cells   for    studying   hormonal 
regulation   of    lipoprotein   lipase.      These   cells,    originally   cloned   by  H.    Green 
and   coworkers,    differentiate    in   culture  from   fibroblasts   to   adipocytes.      Lipo- 
protein  lipase   activity  was  very   low  in   replicating   nonconfluent    cells, 
increased    slightly  when   cells   became  confluent,    and    then    increased   continuously 
during    the  next    16  days    to   180  mU/plate.      Triacylglycerol   content    increased 
slowly   between  day   2    and   day  8,    and    then   slightly  faster  during    the  next   8   days 
to   200  nmol/plate. 

Treatment   of    confluent    3T3-L1   cells   with   PGF^      increased    lipoprotein 
lipase   activity   to   a  maximum   of   420  mU/plate   in   8~days,    but    had    little   effect 
on    triacylglycerol   accumulation."     Treatment  with  l-methyl-3-isobutylxanthine 
(MelX)    increased    lipoprotein   lipase   activity   of    confluent    cells    to   a  maximum 
of    340  mU/plate   on   day   8,    and    increased    triacylglycerol   accumulation,    starting 
after  day   4,    to    1,300  nmol/plate   on   day   16.      Prolactin    increased    lipoprotein 
lipase   activity   to   540  mU/plate  and    triacylglycerol   content    to    630   nmol/plate 
in   16  days.      The   effect    on    lipase   activity  was   apparent   on  day   3,    whereas    the 
effect   on   lipid    content   was    seen   only  after  day   8. 

Insulin,    also   added   when   cells   became   confluent,    produced    the    largest 
increases    in   both   lipoprotein    lipase   activity  and    triacylglycerol    content.      The 
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effect   on   lipase  activity  was   apparent   on   day  2    and  maximal   on  day   8   at 
780  mU/plate,    whereas   the  effect   on   lipid   content   occurred  mostly  after   day   8 
increasing    triacylglycerol   content    to   2,650  nmol/plate   on  day   16.      Bromo- 
doxyuridine  treatment   begun   5  days  before  confluence  prevented   development   of 
lipoprotein   lipase  and   accumulation      of    triacylglycerol    in  both  untreated   and 
insulin-treated   cells,    presumably  by   inhibiting   differentiation   at    the  genomic 
level.      The  properties   of    the   lipolytic   activity  present    in   extracts   of 
insulin-treated  and  untreated   adipocytes   resembled    closely   that   of    lipoprotein 
lipase   isolated   from  adipose  and   other   tissues. 

Triacylglycerol  content  of  differentiated  3T3-L1   cells   increased   from 
9   to  50  umol/mg  DNA,    whereas   the  lipoprotein  lipase  activity  was  unchanged 
when  triacylglycerol   content   of   the   culture  medium  was   increased  from   0  to' 
1.0  uM.      Incubation   of   mature  adipocytes   with  doubly- labeled    triacylglycerol 
particles    showed    that    cells  with  a   high   level   of    lipoprotein   lipase  activity 
can   incorporate   significant   amounts   of    fatty  acid    from   exogenous   triacyl- 
glycerol  into  cellular   triacylglycerol. 

_      The  above  findings    indicate   that    lipoprotein   lipase   activity   in  differenti- 
ating  3T3-L1  cells   is   increased  by  hormones  and   other  agents   that   enhance 
their  conversion   to   adipocytes.      Also,    development   of    lipoorotein   lipase 
activity  precedes   by  nearly   a  week  the  development    of    fatty   acid    synthesizing 
enzymes    in   developing   preadipocytes.      It    is   evident   from   this   and    other   studies 
that   lipoprotein   lipase   plays   a  major   controlling    role    in   the  deposition   of 
triacylglycerol  during   development   of   3T3-L1   adipocytes   and   adipose   tissue. 

The  mechanism  by   which    insulin   regulates    lipoprotein   lipase    is  now   being 
studied    in   fully  differentiated   3T3-L1  adipocytes.      Insulin   increased   lipo- 
protein  lipase  activity   half -maximally    in   12   hours,    and   maximally,    3-5    times 
control,    in  4   days.      About    70%   of    the  activity  was    releasable  by  heparin 
throughout    the   fourgday  period.      Maximal    increases    in   activitv  were  obtained 
with   insulin   at    10     M,    and   half -maximal    increases   at   3   X   10~    °M.      The   effect 
of    insulin   on   lipoprotein   lipase  activity    in  mature   cells  was  not   dependent   on 
the  presence   of    serum   or   exogenous   amino   acids    in   the    incubation  medium.      How- 
ever,   a   relatively  high   concentration   of   glucose,    >1  miM,    was   required   for   the 
response   to    insulin. 

Stimulation   of    lipoprotein   lipase  activity  by   insulin    in  mature   3T3-L1 
adipocytes   was   completely  blocked   by   low  concentrations   of   actinomycin  D  *' 

a-amanitine    (inhibitor   of   RNA  polymerase   II),    cyclohexamide   and    puromycin.      At 
the   present    time,    we    interpret    these  findings   as   showing    that    insulin   stim- 
ulates  the   synthesis   of    lipoprotein   lipase   in   3T3-L1   cells,    and    that    this 
effect    is   linked    to    increased  metabolism   of   glucose.      Studies    in   collaboration 
with  members   of    the  Diabetes   Branch   suggest    that    the   effect    of    insulin   on 
lipoprotein    lipase   activity   is   probably  mediated   by   insulin-receptors   on   the         4 
surface   of   the   cells,    because   the   effect   can   be   elicited   by   insulin-like  growth (l' 
factors   which   also    interact   with    the   insulin   receptor,    and    the   response   can  be    >" 
blocked    by  presumptive   antibodies    to    the    insulin   receptor.       (P.M.    Spooner 
S.S.    Chernick,    and   R.O.    Scow) 
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Transfer  of  Insulin  from  Blood  to  Fat  Cells  in  Adipose  Tissue 

Since  techniques  were  not  available  for  measuring  directly  insulin  in 
extravascular  spaces  and  tissue,  the  effect  of  insulin  on  oxidation  of  radio- 
labeled glucose  to  CO^  was  taken  as  an  index  of  insulin  transfer  to  fat  cells. 
Results  obtained  in  perfused  rat  adipose  tissue  were  compared  with  those 
obtained  in  incubated  adipose  tissue.   The  lower  sensitivity  and  slower  response 
to  insulin  observed  in  perfused  tissue  were  attributed  to  restrictions  imposed 
by  capillary  endothelium  on  transport  of  insulin  from  the  blood  stream.   Also, 
glucose  oxidation  in  perfused  adipose  tissue  continued  at  a  high  level  after 
infusion  of  insulin  had  been  stopped. 

It  is  well  known  that  insulin  is  removed  from  the  circulation  prior  to  its 
action  on  tissue,  and  that  some  of  the  insulin  taken  up  can  be  displaced  into 
the  circulation  by  injection  of  insulin,  suggesting  that  it  is  bound  to  the 
luminal  surface  of  the  vascular  system.   Recently  Roth  of  NIAMDD  presented 
evidence  that  more  than  half  of  the  extrapancreatic  insulin  in  the  body  is  bound 
and  that  insulin-receptor  complexes  comprise  the  major  pool  of  insulin  at 
physiological  concentrations.  The  demonstration  that  insulin  binds  to  blood 
vessels  renders  unlikely  the  possibility  that  insulin  transfers  from  blood  by 
simple  diffusion. 

A  possible  mechanism  for  transport  of  insulin  from  blood  was  suggested  by 
research  in  our  laboratory  on  the  role  of  lipoprotein  lipase  in  the  uptake  of 
chylomicron  triacylglycerol  from  blood.   In  these  studies  Scow  and  coworkers 
proposed  that  transfer  of  lipoprotein  lipase  from  fat  cells  to  capillaries  and 
transfer  of  lipolytic  products  from  capillaries  to  fat  cells  both  occur  by 
lateral  movement  in  a  continuous  plane  of  the  outer  leaflets  of  plasma  and 
intracellular  membranes  of  endothelial,  interstitial  and  parenchymal  cells.   On 
the  basis  of  these  studies  and  our  findings  in  perfused  adipose  tissue,  we 
propose  that  a  similar  mechanism  may  be  involved  in  the  transport  of  insulin 
from  blood  to  fat  cells.   We  suggest  that  insulin  receptors  transfer  from  fat 
cells,  where  they  are  synthesized,  to  the  luminal  surface  of  capillary  endo- 
thelium by  lateral  movement  in  a  continuous  plane  of  cell  membranes,  and  that 
insulin-receptor  complexes  form  at  the  luminal  surface  and  transfer  by  the  same 
mechanism  to  fat  cells  where  the  hormone  exerts  its  action.   Experiments  are  now 
in  progress  to  study  the  binding  of  insulin  to  segments  of  capillary  endothelium 
isolated  from  adipose  tissue  of  animals  in  different  physiological  states. 
(S.S.  Chemick  and  R.O.  Scow) 

Lipoprotein  Lipase  and  Uptake  of  Triacylglycerol,  Cholesterol  and  Phospholipid 
from  Chylomicrons  In  Vivo 

Earlier  studies  showed  that  perfused  mammary  tissue  of  lactating  rats  takes 
up  triacylglycerol  and  cholesterol  from  chylomicrons  in  blood,  and  that  this 
process  is  dependent  on  lipoprotein  lipase  activity  in  the  capillaries.   The 
relationship  between  lipoprotein  lipase  activity  and  uptake  of  phosphatidyl- 
choline as  well  as  triacylglycerol  and  cholesterol  from  chylomicrons  in  blood 
has  been  studied  further  in  mammary  gland  and  adipose  tissue  of  lactating  rats. 
Sixtv^percent  of  triacylglycerol-[   C] oleic  acid,  13%  of  [  H]cholesterol  and  SZ 
of  [   P] phosphatidylcholine  in  chylomicrons  injected  intravenously  were  taken  up 
within  11  min  by  mammary  gland  whereas  negligible  amounts  were  taken  up  by 
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adipose  tissue  of  lactating  rats.   Non-suckling  for  44  hours  decreased  marked 
uptake  of  all  lipids  by  mammary  gland  and  decreased  the  rate  of  clearance  of 
chylomicrons  from  blood,  whereas  it  increased  significantly  uptake  of  triacyl- 
glycerol-f atty  acids  and  cholesterol  by  adipose  tissue.   Non-suckling  also 
decreased  lipoprotein  lipase  in  mammary  gland  while  it  increased  the  activity  in 
adipose  tissue.   These  findings  indicate  that  lipoprotein  lipase  is  involved  in 
uptake  of  chylomicron  triacylglycerol  and  cholesterol  by  mammary  gland  and 
adipose  tissue,  and  also  in  uptake  of  chylomicron  phosphatidylcholine  by  mamma'^ 
gland.   They  also  show  that  reciprocal  changes  in  lipoprotein  lipase  activity  in 
mammary  gland  and  adipose  tissue,  as  occur  during  lactation,  result  in  diversion 
of  chylomicron  lipids  from  one  tissue  to  the  other. 

It  has  been  proposed  that  uptake  of  triacylglycerol  from  chylomicrons  by 
mammary  gland  and  adipose  tissue  requires  the  action  of  lipoprotein  lipase, 
while  uptake  of  cholesterol  and  phospholipid  is  dependent  on  reduction  of  the 
triacylglycerol  core,  resulting  from  action  of  the  enzyme  on  the  core  and 
subsequent  uptake  of  lipolytic  products  by  the  tissue.   (R.O.  Scow  and 
S.S.  Chemick) 

Action  of  Lipoprotein  Lipase  on  Trioleoylglycerol  and  Effect  of  Albumin 
on  Movement  of  Lipolytic  Products  at  an  Argon-water  Interface 

3 
The  action  of  purified  bovine  milk  lipoprotein  lipase  on  tri-[  H]oleoly- 

glycerol  and  the  effect  of  albumin  on  movement  of  lipolytic  products  at  an 

argon-water  interface  were  studied  in  a  specially  designed  tricomparted  trough. 

The  amount  of  trioleoylglycerol  applied  was  14  times  that  needed  to  cover  the 

surface  of  the  aqueous  subphase  with  a  monolayer  of  trioleoylglycerol  at  a     1^ 

surface  pressure  of  13  djmes/cm.   Enzyme  solution  was  added  only  to  compart- 

ment  A  whereas  albumin  was  added  to  either  compartment  A  or  B .   Surface  pressure 

was  always  measured  in  compartment  C. 

Lipoprotein  lipase  hydrolyzed  trioleoylglycerol  at  the  interface  to  di- 
oleoylglycerol ,  monooleoylglycerol  and  oleic  acid,  and  thereby  increased  surface 
pressure  to  32  dynes/cm  in  22  min.   Small  amounts  of  oleic  acid  and  much  smaller 
amounts  of  monooleoylglycerol  were  transferred  continuously  to  the  aqueous 
subphase  of  both  compartments  A  and  B.   The  rate  of  transfer  of  each  lipid  to 
compartment  A  was  100%  faster  than  that  to  compartment  B. 

Addition  of  albumin  to  compartment  A  doubled  the  amount  of  trioleoylglyc- 
erol hydrolyzed  by  lipoprotein  lipase.   It  also  doubled  the  rate  of  transfer  of 
oleic  acid  and  increased  by  8  fold  the  rate  of  transfer  of  monooleoylglycerol  to 
the  aqueous  subphase  of  compartments  A  and  B,  thereby  lowering  surface  pressure 
immediately  to  22  dynes/cm. 

Addition  of  albumin  to  compartment  B  doubled  the  amount  of  trioleoylglyc- 
erol hydrolyzed  by  lipoprotein  lipase.   It  also  increased  by  35  fold  the  rate  oj  _ 
transfer  of  monooleoylglycerol  and  doubled  the  rate  of  transfer  of  oleic  acid  t& 
the  aqueous  subphase  of  compartment  B,  whereas  it  only  doubled  the  rate  of 
transfer  of  monooleoylglycerol  and  had  little  effect  on  transfer  of  oleic  acid 
to  compartment  A.   Addition  of  albumin  to  compartment  B  lowered  and  maintained 
surface  pressure  at  25  dynes/cm  during  the  first  20  minutes  of  the  experiment, 
and  then  lowered  the  pressure  to  22  d5nies/cm. 
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It  is  concluded   rom  these  studies  that  hydrolysis  of  triacylglycerol  by 
lipoprotein  lipase  occurs  in  or  near  the  lip id /argon-water  interface,  and  that 
lipolytic  products  immediately  locate  and  spread  throughout  the  interface.   As 
lipolytic  products  crowd  the  interface,  surface  pressure  increases  and 
hydrolysis  slows  down.   If  the  interface  is  occupied  by  substances  that  have  a 
spreading  pressure  below  that  of  the  lipolytic  products,  such  substances  will 
be  displaced  from  the  interface.   Although  lipolytic  products  composed  of  long 
chain  acyl  groups  have  a  strong  tendency  to  remain  in  the  interface,  a  small 
fraction  of  fatty  acid  and  a  much  smaller  fraction  of  monoacylglycerol  transfer 
to  the  aqueous  subphase,  and  the  amounts  transferred  increase  with  the  inter- 
facial  pressure.   Albumin  in  the  aqueous  subphase  accelerates  markedly  transfer 
of  fatty  acid  and  monoacylglycerol  from  the  interface  and  thereby  enhances 
lipolysis.   When  the  albumin  is  not  contiguous  with  the  site  of  hydrolysis, 
fatty  acid  and  monoacylglycerol  will  readily  move  in  the  interface  to  the  area 
of  contact  with  albumin  where  they  will  transfer  from  the  interface. 

These  conclusions  closely  agree  with  those  drawn  from  our  earlier  studies 
of  chylomicrons  incubated  with  lipoprotein  lipase  in  the  presence  of  different 
amounts  of  albumin.   They  also  provide  physical-chemical  evidence  for  our  model 
proposing  transport  of  acyl  lipid  from  chylomicrons  to  tissue  by  lateral 
diffusion  in  a  continuous  interface  composed  of  the  chylomicron  surface  film 
and  cell  membranes.   (R.O.  Scow  and  R.  Verger) 

PILOT  PLANT  UNIT 

Large-scale  Processing  of  Biological  Materials 

The  pilot  plant,  under  the  direction  of  David  Rogerson,  has  processed  a 
total  of  298  requests  for  the  culture  of  various  types  of  organisms.   Some  of 
the  microorganisms  were  used  for  the  production  of  bacteriophages  T4,  T7,  and 
lambda  phage,  others  were  used  to  produce  extracellular  enzymes,  toxins,  and 
spheroplasts .   Crude  interferon  fractions  were  isolated  from  cultures  of  human 
transformed  beta  lymphocytes  stimulated  with  Newcastle  virus.   Excellent  yields 
of  interferon  were  obtained  from  800-liter  cultures  of  these  cells;  this  is  a 
notable  achievement  in  view  of  the  potential  hazards  of  contaminating  organisms 
using  such  large  scale  cultures  of  animal  cells.   The  pilot  plant  also  performed 
large-scale  processing  of  histamine  methylating  enzyme  from  guinea  pig  brains; 
chicken  liver  microsomes  (using  the  Electro-nucleonic  zonal  centrifuge) ; 
dihydrof olate  reductase  from  beef  liver;  beta  hexoseaminidase  from  human 
placenta;  viruses;  and  tetrodotoxin  from  fish  liver  extracts.   It  is  apparent 
that  the  pilot  plant  continues  to  be  valuable  to  numerous  laboratories  at  NIH 
and  has  the  capacity  to  adapt  to  varied  needs  by  this  Institution. 
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It    is    concluded    that    the  glucagon 


daltons.      When  activated   by  iHP   or  iii 
size   ranging   from  2.5-3.0  x    10^   daltons. 
receptor  and   adenylate   cyclase   exist    in   the   plasma  manbrane   as   oligomers,    probably 
tetramers,    when   the  nucleotide   regulatory   components   associated  with   receptor   and 
enzyme  are  not   occupied   by  GTP    (or  GMP-PNP) .      The  guanine  nucleotides   convert    the 
tetramers   to  monomers  which,    in   the  presence  of    glucagon,    couple  within   the   plane 
of    the  plasma  membrane   to  give  a   high  Vmax   form   of    the   enzyme,    resulting    in   the 
generation   of    cyclic  AMP. 
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Project  Description 

Obj  ective:   To  determine  the  molecular  size  of  the  glucagon  receptor  and 
of  adenylate  cyclase  in  the  hepatic  plasma  membrane  and  the  effects  of  guanine 
nucleotides  on  the  functional  size  of  these  components. 

Methods:   Hepatic  plasma  membranes,  either  in  frozen  or  lyophylized  states, 
were  subjected  to  high  energy  electron  irradiation  using  a  15  MeV  linear 
accelerator.   The  membranes  were  analyzed  subsequent  to  thawing  or  re-hydration 
for  surviving  adenylate  cyclase  activity,  using  assay  procedures  established 
in  this  laboratory,  or  for  surviving  binding  of  •'--^I-glucagon  to  glucagon 
receptors  in  the  membrane.   From  the  slopes  of  the  exponential  decay  curves  of 
cyclase  and  binding  activities  as  a  function  of  radiation  dose,  the  functional 
target  sizes  of  adenylate  cyclase  and  receptor  were  calculated  by  established 
principles  and  with  appropriate  correction  factors  for  temperature  during 
irradiation  of  the  samples.   Radiation  analysis  of  adenylate  cyclase  was 
carried  out  under  two  conditions:  (a)  when  the  enzyme  was  not  activated  by 
various  effector  ligands  (GTP,  GMP-PNP,  fluoride  ion,  GTP+glucagon)  and 
(b)  when  the  enzyme  was  pre-activated  by  these  ligands.   ■'■^^I-glucagon-binding 
was  assessed  both  by  measuring  the  total  net  binding  of  the  hormone  (corrected 
for  non-specific  binding  in  the  presence  of  unlabeled  hormone)  or  by  measuring 
the  amount  of  labeled  glucagon  displaced  from  the  receptor  by  the  actions  of 
GTP  on  the  glucagon  receptor.   The  combination  of  both  procedures  provided  a 
measure  of  specific  binding  to  functional  glucagon  receptors  in  the  plasma 
membrane.   Procedure  (a)  for  adenylate  cyclase  gave  an  estimate  of  the  size 
of  the  enzyme  in  its  ground  or  unactivated  state  whereas  procedure  (b)  gave  an 
estimate  of  the  size  of  the  enzyme  in  its  high  Vj^j^^^  state  of  activity.   As  a 
means  of  correcting  for  aberrations  that  may  accrue  from  freezing  or  lyophyliz- 
ing  the  membranes,  a  reference  plasma  membrane  enzyme,  5 ' -AMP  nucleotidase,  was 
analyzed  after  irradiation  along  with  adenylate  cyclase  and  glucagon  binding 
activity. 

Major  Findings:   Our  previous  studies  of  the  hepatic  adenylate  cyclase 
system  demonstrated  that  the  glucagon  receptor  and  adenylate  cyclase  are  each 
associated  with  a  GTP  site  or  component  which  regulates  hormone  binding  to  the 
receptor,  the  activity  of  adenylate  cyclase,  and  coupling  of  receptor  and 
enzyme  in  the  membrane.   By  these  processes,  GTP  (the  presumed  natural  activat- 
ing nucleotide  in  the  cell)  plays  a  central  role  in  regulating  enzyme  activity 
and  the  response  of  the  enzyme  to  glucagon.   For  these  reasons,  target  size 
analysis  of  the  receptor  and  enzyme  was  carried  out  both  in  the  absence  and 
presence  of  guanine  nucleotides  as  well  as  in  the  presence  of  the  hormone. 
Since  fluoride  ion  activates  adenylate  cyclase  independently  of  hormones  and 
guanine  nucleotides,  its  effect  on  the  target  size  of  the  enzyme  was  also 
estimated  before  and  after  irradiation  of  the  enzyme. 

In  its  ground  state  of  activity  (i.e.,  when  the  enzyme  was  not  subjected 
to  the  activating  ligands),  target  size  analysis  gave  two  exponential  slopes 
indicative  of  two  target  sizes.   The  larger  size  ranged  from  1.2-1.5  x  10 
daltons.   However,  when  the  enzyme  was  pre-activated  with  GTP,  GMP-PNP,  or 
with  fluoride  ion,  a  single  exponential  slope  was  obtained.   This  slope  was 
identical  to  the  slope  of  the  smaller  sized  component  seen  for  the  non-treated 
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enzyme.      We   concluded   from   this   finding    that    the  guanine  nucleotides   and 
fluoride  converted    the  large   size  of    the  ground    state   of    the   enzyme   to   the 
smaller  form   of    the   enz37me.      Thus,    the   large   size    is    likely  a   low  activity   or 
inert   form   of    the   enzyme   and    is   converted,    by   the  actions   of    the  guanine 
nucleotides   at    the  nucleotide   regulatory   component   associated   with   the   enzyme.    Ml 
to    its   activated   form.      The   size  of    the  activated   form   of   the    enzyme   is  W' 

approximately   one-fourth  the   size  of    the  ground    state   of    the   enzyme.      From   this 
we  deduce  that   the   inert   form  of    the   enzyme    is   likely  a   tetramer   containing 
subunits   of   approximately  300,000  daltons.      The  guanine  nucleotides   "disperse" 
the   tetramer   to  monomers,    the  active  form   of   the   enzyme.      In   the   presence  of 
GMP-PNP,    this    is   a   stable   form  of    the  enzyme.      Fluoride   ion   seems   also   to   exert 
its   activating    effect   by   shifting    the   enzyme   from    its   tetrameric   to  monomeric 
state,    although  most   likely   through   a  different   process   or    site   than   the 
guanine  nucleotides.      It    should    be   emphasized,    in   this    regard,    that    target   size 
analysis   is  not   a  determination   of    the   configuration   of    the   enzyme    in    its 
active   state  which  may  differ  when   activated   by  guanine  nucleotides   and 
fluoride   ion.  ' 

When  adenylate  cyclase  was   pre-activated    in    the   presence   of   GTP    (or 
GMP-PNP)    plus   glucagon   prior   to    irradiation,    the  resultant    irradiation  decay 
curve  gave  a   single   exponential   with  a   slope   significantly   higher    than   that 
given   by  guanine  nucleotides   alone  or  with  fluoride    ion.      Estimates   of    the 
target    size  of    the   hormone+guanine  nucleotide  activate   enzyme   ranged   from 
4.5-5.0  X   10^  daltons   or   between   150,000    to   200,000   larger   than   the   size   of    the  ^ij 
enzyme  activated   by   the  guanine  nucleotide    (or   fluoride   ion)    alone.      Since  I 

glucagon  was    the  only   added   factor   that   gave   this   additional   functional    target 
size,    we   conclude   that    the   additional    size    is   contributed   by   the   functional 
linkage  of    the   receptor   to    the   enzyme.      The   functionally   linked    receptor    is 
likely,    therefore,    to   have   the   size   of    150,000-200,000  daltons. 

The  functional    target    size   of    the  glucagon   receptor  was    independently 
assessed   by   studying    the   binding    of    labeled   glucagon    to    the   receptor.      Based   on 
previous   binding    studies,    it   was  determined    that   binding   of    the   hormone,    in   the 
absence   of   GTP,    gives   a   tight    binding   complex   that    is  nearly    irreversible  and 
represents   an  uncoupled,    "desensitized"   form   of    the  receptor.      Target    size  of 
the   receptor  was  measured   by  this    form   of    the   receptor.      The   low  affinity  form 
of    the   receptor   produced   by   the   actions   of   guanine  nucleotides   on   the   regulatory 
component   associated   with   the   receptor   could  not  be    estimated    from    irradiation 
analysis,    in   part   because   of    the   complexity   of    the  decay   curves   obtained.      How- 
ever,   a   single   exponential  decay   curve  was   obtained   for   the   receptor    in    its 
uncoupled    state.      Its   target    size   ranged    from    6.5-8.0   x   10     daltons.      Thus    the 
uncoupled    state   of    the  receptor    is   considerably  larger   than   the  target    size  of 
the   receptor   estimated   by  hormone  activation   of    the    enzyme    (1.5-2.0  x   10 
daltons) .      Since  the  difference   is   approximately   4-fold,    we  conclude   that    the       | 
receptor    in    its  uncoupled    state    is   a   tetramer.      Furthermore,    since  GTP    is 
required   for   coupling   of    the   receptor   to    the   enzyme,    it   would   appear   that   GTP 
"sensitizes"    the  receptor   for   coupling   by   converting    the   tetrameric  ground    state 
of    the   receptor   to   a  monomer.      Another   conclusion  drawn   from   these   studies    is 
that   the   tight   binding,    "desensitized"   form  of    the   receptor  must   represent    the 
tetrameric   form   of    the   enzyme.      This    can  be  deduced    from   the   fact    that    tight 
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binding  of  glucagon  only  occurred  with  the  target  size  of  6.5-8.0  x  10^ 
daltons.   If  tight  binding  occurred  with  independent  subunits  (1.5-2.0  x  10^) 
then  radiation  analysis  of  binding  should  have  resulted  in  a  smaller  size  for 
the  receptor.   Therefore,  it  would  appear  that  the  slowly  formed  tight  binding 
state  of  the  receptor  occurs  through  cooperative  interactions  of  the  subunits 
in  the  tetramer  when  the  subunits  are  occupied  by  the  hormone.   Cooperativity 
in  the  binding  isotherm  is  expected  from  this  observation  and,  indeed,  has  been 
obtained  (Hill  coefficient  of  glucagon  binding  ranges  from  1.4-1.6). 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
It  is  well  established  that  receptors  for  numerous  hormones  and  neuro- 
transmitters are  linked  to  adenylate  cyclase  systems  and  that  these  systems  are 
responsible,  in  major  part,  for  the  actions  of  hormones  on  target  cells.   The 
present  study  provides,  for  the  first  time,  a  basis  for  the  molecular  actions 
of  hormones  and  guanine  nucleotides,  the  latter  acting  intracellularly,  on 
these  systems.   It  also  suggests  how  membrane  proteins  are  constructed  and 
interact  in  a  membrane  environment  to  give  functionally  operative  complexes 
that  have  profound  consequences  on  the  metabolism  and  structure  of  the  cell. 

Proposed  Course  of  Project:   Target  analysis  will  be  carried  out  with 
other  hormone-sensitive  adenylate  cyclase  systems  with  the  aim  of  determining 
whether  the  findings  with  the  gl-cagon-sensitive  system  have  general  applica- 
tion.  The  power  of  this  technique  for  the  study  of  membrane-bound  systems 
suggests  applications  for  other  regulatory  processes  in  cell  membranes  such  as 
the  sodium-potassium  pump. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

In   contrast    to   previous   reports,    removal   of    the  hydrophobic   22-29   group   of 
amino   acid    residues   from  glucagon   does  not    result    in   loss   of    biological   actions 
of    the  hormone  on   adenylate   cycla"se    in    hepatic  membranes.      Glucagon]__2]_    is   a 
full   agonist  with  a  potency   1/1000   that    of    the  native  hormone:      ihe    implication 
of    these   findings    is   that    the  hydrophobic   C-terminal   region   of   glucagon    is 
necessary   for    tight    binding    of    the   hormone   to    its   receptors   but   not   for   action. 
The  alpha   amino   and    epsilon   amino  groups   of   glucagon   have  been   amidated   with   a 
series   of    alkyl    imidates.      Alkyl   amidation   of    the   epsilon   amino   group   yields 
glucagon  derivatives    that   are  as   potent   as    the  native   hormone  whereas   amidation 
of    the  alpha   amino  N-terminal    residue  results    in   partial   agonists.      Selective 
incorporation   of    reporter    imido   groups    in    the   epsilon   amino   group   has  given  new 
derivatives   of    glucagon   that    can  now  be  used    for   affinity   labeling    of    the 
glucagon   receptor. 
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Obj  ectives;      The  goals   of    this  project   are   to   determine   the   structural 
requirements   for  glucagon  binding   and   action   through   its   receptors   and    to 
prepare  affinity  analogs   of    the   hormones   that   would   provide   the  means   of 
covalent   attachment   of    the   hormone   to    its   receptor.      The   latter   procedure 
should   facilitate   isolation  and   characterization   of    the  glucagon   receptor. 

Methods:      Glucagon, _-^    was    prepared   by   treating   native  glucagon  with 
carboxypeptidase  A  and    subsequent   purification  by   partition  chromatography. 
Preparation   of   N^,    N^-alkylimidoglucagon  derivatives  was   carried   out   by 
extensive   treatment  with  alkylimidates.      N^-glucagon  derivatives  were  prepared 
by  addition  of    equimolar   amounts   of   alkylimidates.      Arylimidation   of   glucagon 
resulted   only   in  N^-derivatives   of    the   hormone.      The  derivatives  were  purified 
by   chromatography   on   SP-Sephadex  G-15   by   procedures   previously  developed    in 
this   laboratory,.      The  various  derivatives   of   glucagon  were   tested    for   biolog- 
ical  activity  by  assaying    their   effects   on   the  activity  of    the  glucagon- 
sensitive  adenylate  cyclase   system    in   hepatic  membranes   and   by   competition  for 
the  binding    of      ~    I-glucagon   to   glucagon   receptors    in   these  menbranes. 

Major   Findings:      Glucagon-i  _2i    stimulated   adenylate   cyclase  activity   to 
the   same   extent   as  native  glucagon   but   with  0.1%    the   potency.      Glucagon-i  _2i 
also  displayed    0.1%    the  binding   affinity   of   native  glucagon   to    the  glucagon 
receptor   in   hepatic  manbranes.      The   conclusion   from   these  findings    is   that    the    v< 
hydrophobic   C-terminal    end    (residues   22-29)    are  not    essential   for   the   binding     ■ 
and   actions   of   glucagon   of    the  receptor   but   appear   to   be    important    for   high 
affinity    interactions  with  the   receptor.      These  findings   are   important   since 
it   has   been   postulated,    based   on   x-ray   crystallographic   analysis   of   glucagon, 
that   the  C-terminal   hydrophobic   region   of    the   hormone  plays   an   essential   role 
-in   the  configuration   of    the   hormone   required    for   binding   and   action. 
Glucagon-i  _,^,    is  very  water    soluble   even   at    high  concentrations    in   contrast    to 
glucagon  which  tends   to    self-associate  as    trimers  when   the  concentration 
exceeds    10"^.      Since  glucagon-,  _-,    does  not    self-associate  and    is   fully   active, 
it    is   apparent    that    the  monomeric   form   of    the   hormone   is   the   biologically 
active   species. 

N^-acetimidoglucagon    is   as   biologically  potent    in   both   stimulating   adeny- 
late cyclase  and   binding    to   the  receptor   as    is  native  glucagon-      N^-4-hydroxy- 
phenylimidoglucagon   required   a   2-fold   higher   concentration   to   obtain   similar 
activities.      Since   previous    studies    showed    that   alkylation  of    the   lysine 
epsilon   amino   group   results    in  marked    reduction    in   biological   potency,    these 
findings   suggest   that   a   charged   group   on   the   lysine  residue   is  necessary   to 
maintain   high  affinity   and   biological   potency   of   the  hormone.      N*^,N  -acetimido- 
glucagon,    at  maximally   stimulating   concentrations,    gave  only   80%   the  activity    A 
of    the  native   hormone.      Other  derivatives    in   which   the   alpha   amino  group   of         ^ 
the  N-terminal   histidine  residue  was  modified   gave   similar   partial    agonist 
effects.      It    is   suggested    that   hydrogen  bonding   between   the  amido-group   and 
the   imidazole  residue  of    histidine  may   be  responsible   for   the   decreased    agonist 
effects   and   for   decreased   affinity  at    the   receptor.      Thus,    the    imidazole  group 
of    histidine  appears   to   be   important    in   the   expression   of    full   agonist    effects. 
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The  finding  that  the  N^-aryl  imidoderivatives  of  glucagon  are  nearly  as 
potent  as  glucagon  provides  the  means  of  incorporating  reporter  groups  (such 
as  bromo  and  nitrene)  in  glucagon  that  can  be  used  for  affinity  labeling  of 
the  glucagon  receptor.   We  have  also  substituted  spin-labeled  groups  on  the 
N^-group.   Thus,  the  stage  has  been  set  for  examining  covalent  and  non- 
covalent  interactions  of  glucagon  with  its  receptor  in  hepatic  membranes. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Knowledge  of  the  structural  requirements  of  glucagon  for  its  biological 
actions  is  fundamental  to  the  understanding  of  the  hormone's  action  and  may 
provide  new  analogs  of  the  hormone  that  can  be  used  for  therapeutic  purposes. 
Perhaps  as  importantly,  the  realization  that  glucagon  can  be  modified 
chemically  to  give  derivatives  that  are  useful  for  identifying  and  characteriz- 
ing the  glucagon  receptor  is  important  for  basic  research  on  the  mechanism  of 
action  of  this  biologically  important  hormone. 

Proposed  Course  of  Project:   We  have  prepared  aryl-nitrene  substitutions 
on  the  epsilon  amino  group  of  glucagon  using  the  amidation  procedures  described 
here.   These  compounds  will  be  labeled  with  "  I  as  a  means  of  measuring  the 
covalent  attachment  of  the  hormone  to  receptors  in  hepatic  membranes.   We  are 
also  investigating  the  possibility  of  incorporating  reporter  groups  on  the 
trytophan  residue  which  recent  experiments  suggest  is  not  essential  for 
biological  activity  of  the  hormone.   Thus,  by  incorporating  reporter  groups  in 
two  distinct  regions  of  the  hormone,  it  should  be  possible  to  test  with  great 
precision  the  feasibility  of  labeling  covalently  the  glucagon  receptor. 

Publications:   None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Various  chemical  reagents  such  as  butyrate,  dimethylsulf oxide,  methylacet- 
amide,  and  l-methyl-3-isobutylxanthine  have  been  found  to  induce  hormone-respons^ 


in  cultures  of  rat  fetal  hepatocytes,  Hela  cells,  and  erythroleukemic  cells. 
Induction  of  hormone  response  (epinephrine  or  glucagon,  depending  on  the  cell 
species)  involves  the  synthesis  of  hormone  receptors  and  possibly  factors  in- 
volved in  the  coupling  to  adenylate  cyclase  systems.   Induction  of  hormone  re- 
ceptors and  response  of  adenylate  cyclase  to  hormones  appears  to  be  an  early 
event  since  it  precedes  the  appearance  of  other  differentiated  functions  such  as 
the  synthesis  of  hemoglobin  in  erythroleukemic  cells. 
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Project  Description 

Objectives:   The  goals  of  this  project  are:  (1)  To  establish  liver  cell 
cultures  that  are  sensitive  to  various  hormones  and  which  can  be  used  for  de- 
tailed studies  of  mechanism  of  hormone  action;  (2)  To  investigate  whether 
hormone  responses  reflect  the  differentiated  state  of  the  cultured  cells;  and 
(3)  To  study  the  significance  of  acquired  hormone  responsiveness  in  the  differ- 
entiation of  cells  in  culture. 

Methods :   Primary  cultures  of  fetal  rat  hepatocytes,  Hela  cells,  and 
erythroleukemic  cells  were  grown  on  culture  plates  in  the  presence  of  serum- 
enriched  culture  medium.   Hormone  action  was  measured  both  in  terms  of  cyclic 
AMP  accumulation  in  intact  cells  in  response  to  the  hormones  or  by  homogenizing 
the  cells,  isolating  their  plasma  membranes,  and  examining  the  conversion  of 
a-   P  ATP  to  cyclic  AMP  by  procedures  established  in  this  laboratory.   In 
addition,  binding  of  125i_hydroxybenzylpindolol,  ^H  alprenolol  to  beta  receptors 
and  -'-^Ji-glucagon  to  glucagon  receptors  in  hepatic  membranes  was  investigated 
by  techniques  previously  described.   The  latter  procedures  were  employed  to 
quantitate  and  characterize  the  types  of  receptors  present  in  the  cultured 
cells. 

Major  Findings:   The  response  of  primary  fetal  hepatocytes  to  glucagon 
and  epinephrine  falls  rapidly  during  initial  culturing  of  the  cells.   However, 
hormone  responses  are  restored  by  subsequent  incubation  of  the  cells  in  the 
presence  of  l-methyl-3-  isobutylxanthine  for  3  days.   Exposure  of  the  cells 
to  butyrate  for  3  days  restores  the  response  of  the  cells  to  epinephrine  but 
not  to  glucagon.   We  have  found  that  exposure  of  a  variety  of  cell  lines  to 
dimethylsulf oxide,  methylacetamide,  and  butyrate,  all  of  which  have  been 
shown  by  others  to  be  chemical-inducing  agents,  are  capable  of  inducing  beta- 
adrenergic  responses.   In  a  few  cell  lines  investigated  (fetal  hepatocytes. 
Friends  erythroleukemic  cells,  and  Hela  cells)  a  direct  correlation  was  made 
between  the  onset  of  beta-receptor  response  and  the  level  of  catecholamine- 
binding  sites  in  these  cells.   We  have  also  investigated  the  response  of 
adenylate  cyclase  to  GTP  in  isolated  membranes  from  cells  treated  with  the 
chemical  inducing  reagents.   Interestingly,  concomitant  to  increases  sensiti- 
vity to  catecholamines,  decreased  activation  of  adenylate  cyclase  by  GTP  was 
observed  in  all  cells  examined.   This  reciprocal  relationship  between  increased 
beta-receptor  content  and  responsiveness  and  the  decline  in  GTP  action  alone 
may  reflect  coupling  of  newly  formed  hormone  receptors  to  nucleotide  regulatory 
components  that  our  previous  studies  have  shown  to  be  essential  for  hormone 
action  on  adenylate  cyclase  systems. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Detailed  knowledge  of  the  control  of  hormone  responses  by  cells  and  their  en- 
viroment  is  essential  to  the  full  understanding  of  the  biological  system. 
Studies  of  the  possible  involvement  of  hormone  responsiveness  during  the  pro- 
cess of  cell  differentiation  should  provide  insights  into  the  role  of  hormone- 
receptor  input  in  the  differentiation  process,  whether  receptor  turnover  is 
involved  in  the  differentiation  process,  and  what  other  factors  may  be  involved 
in  this  important  biological  process. 
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Proposed  Course  of  Project:   Induction  of  hormone  response  by  chemical 
inducers  in  cell  cultures  represents  a  convenient  system  for  the  study  of  the 
process  required  for  the  generation  of  hormonally  sensitive  adenylate  cyclase. 
Whether  any  new  coupling  factor  is  formed  during  the  induction,  in  addition 
to  the  synthesis  of  hormone  receptors,  remains  to  be  studied.   Whether  the  in- 
duced hormone  sensitivity,  which  precedes  the  appearance  of  other  differentiated 
characteristics  of  the  treated  cells  (such  as  the  synthesis  of  hemoglobin  in 
erythroleukemic  cells) ,  contributes  to  the  regulation  of  the  subsequent  dif- 
ferentiation of  cells  is  under  investigation.   The  use  of  the  hormonally  sen- 
sitive hepatocyte  culture  for  the  study  of  other  hormones  will  also  be  examined. 
A  preliminary  report  was  presented  at  the  1978  meeting  of  ASBC  and  a  manuscript 
based  on  part  of  this  project  has  been  submitted  for  publication. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  actions  of  adenosine  on  a  number  of  adenylate  cyclase  systems  have  been 
investigated.  Nearly  all  adenylate  cyclases  examined  have  been  found  to  contain 
two  receptors  for  adenosine  actions;  one,  termed  P,  mediates  inhibition  and  appears 
to  be  located  on  the  inner  surface  of  the  plasma  membrane,  and  the  other,  termed j 
R,  mediates  activation  and  is  located  at  the  external  cell  surface.  An  exceptiori 
to  the  above  generalizations  is  the  fat  cell,  which  contains  an  adenylate  cyclas^ 
that  is  inhibited  by  adenosine  action  at  both  the  P  and  R  sites.  Adenosine  action 
at  the  fat  cell  R  site  leads  to  inhibition  of  the  activation  of  adenylate  cyclas^ 
elicited  by  hormones,  such  as  catecholamines  and  ACTH.  The  activation  by  these  ! 
hormones  and  the  inhibition  by  adenosine  are  mediated  by  distinct  GTP-dependent 
processes. 

These  findings  not  only  explain  the  potent  effects  of  adenosine  on  fat  cell 
metabolism,  but  illustrate  the  phenomenon  of  antagonism  between  two  ligands  (hor- 
mone and  adenosine)  which  act  at  separate  cell  surface  receptors  to  modify  adeny- 
late cyclase  activity. 
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Project  Description  d 

Objectives:   Adenosine,  at  nanomolar  concentrations,  suppresses  the  rise 
in  cyclic  AMP  and  resultant  lipolysis  in  fat  cells  induced  by  lipolytic  hormonesij 
such  as  catecholamines  and  ACTH.   In  the  total  absence  of  extracellular  adeno- 
sine, the  fat  cell  is  entirely  unregulated,  and  the  addition  of  lipolytic  hor- 
mones results  in  massive  conversion  of  cellular  ATP  to  cyclic  AMP.   The  mech- 
anism whereby  adenosine  exerts  these  potent  effects  on  adipocyte  metabolism  was 
previously  undefined.   It  was  known,  however,  that  1)  adenosine  acts  at  a  cell   ' 
surface  receptor;  2)  certain  purine-modified  adenosine  analogs,  such  as  N  -     [ 
phenylisopropyladenosine,  mimic  the  nucleoside  effect;  and  3)  methyl  xanthines   1 
block  adenosine  action.   These  properties  indicated  that  the  fat  cell  contained  | 
an  adenylate  cyclase-linked  site  remarkably  similar  to  those  sites  found  in  many  i\ 
other  cells  which  generally  stimulate  adenylate  cyclase  activity.   It  was  the    | 
goal  of  these  studies  to  determine  whether,  in  the  fat  cell,  there  is  an  adeny-  j 
late  cyclase-linked  adenosine  receptor  which  inhibits  activity  and  exhibits      j 
properties  similar  to  the  site  that  had  been  identified  in  intact  cell  studies,   j 

Methods  Employed:  Plasma  membranes  were  purified  from  isolated  rat  fat  ! 
cells  by  procedures  developed  in  this  laboratory.  Adenylate  cyclase  was  assayed  i 
with  either  [a-32p]ATP  or  [a-^-P]2-deoxyATP  as  substrates. 

1 

Major  Findings:   Fat  cell  adenylate  cyclase  contains  two  sites  through 
which  adenosine  inhibits  activity.   One  site,  designated  P,  mediates  inhibition 
of  the  fat  cell  enzyme  as  well  as  the  cyclases  found  in  a  wide  variety  of  cells 
we  have  examined.   This  site  accepts  ribose-modif ied  adenosine  analogs,  is  not 
blocked  by  methyl  xanthines,  and  appears  to  be  located  on  the  inner  cell  sur- 
face.  The  other  site,  designated  R,  accepts  purine-modified  analogs,  is  blocked 
by  methyl  xanthines,  and  appears  to  be  located  on  the  external  cell  surface. 
Adenosine  acts  at  R-type  receptors  to  activate   adenylate  cyclases  in  most  cell 
types.   However,  with  the  fat  cell  cyclase,  adenosine  actions  at  the  R  site 
leads  to  inhibition  of  activity.   It  is  adenosine  action  at  the  R,  and  not  the 
P,  site  which  explains  the  potent  effects  of  the  nucleoside  on  adipocyte  meta- 
bolism. 

The  demonstrations  of  R  site-mediated  inhibition  of  the  fat  cell  cyclase 
required  careful  manipulation  of  the  assay  medium  GTP  concentration.   GTP  is 
known  to  be  a  necessary  cofactor  in  the  activation  of  adenylate  cyclases  by 
hormones.   However,  in  the  fat  cell  cyclase  there  is  a  second,  inhibitory 
effect  of  GTP  when  the  nucleotide  concentration  is  raised  above  10  nM.   It  is 
this  inhibitory  GTP  effect  which  mediates  the  inhibition  by  adenosine  action 
at  the  R  site.   Thus,  the  fat  cell  cyclase  contains  two  regulatory  processes: 

1)  a  lypolytic  hormone  plus  GTP  circuit  which  leads  to  increased  activity,  and 

2)  adenosine  plus  GTP  circuit  which  leads  to  decreased  activity. 

These  two  effects  of  GTP  appear  to  be  functionally  distinct.   Mild  trypsin 
treatment  of  fat  cell  plasma  membranes  results  in  a  loss  of  the  inhibitory  GTP 
action,  while  the  GTP  activatory  process  remains  intact. 
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We  have  modified  the  adenylate  cyclase  assay  method  in  such  a  way  as  to 
permit  detection  of  adenosine  effects  not  possible  with  the  use  of  ATP  as  sub- 
strate.  A  major  difficulty  with  the  standard  assay  system  is  that  metabolism 
of  the  substrate  leads  to  the  formation  of  adenosine.   However,  with  2'-deoxy- 
ATP  as  substrate,  the  2' -deoxyadenosine  produced  is  not  an  agonist  at  the  R 
site.   With  the  use  of  the  modified  assay  system  we  have  shown  that  the  rat 
liver  adenylate  cyclase  is  activated  by  low  concentrations  of  adenosine  acting 
at  an  R  site.   Thus,  most  of  the  hepatic  "basal"  adenylate  cyclase  activity  is, 
in  fact,  due  to  the  stimulatory  effects  of  adenosine.   Also,  by  careful  manipu- 
lation of  divalent  cation  (Mg^'''  and  Mn"  )  concentrations  we  have  been  able  to 
reveal  P  sites  where  none  were  found  previously.   These  studies  reveal  the 
ubiquitous  nature  of  adenylate  cyclase-linked  adenosine  sites  and  point  to  a 
major  regulatory  role  for  adenosine. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
Adenosine,  acting  at  cell  surface  receptors,  is  known  to  mediate  a  wide  variety 
of  biologic  effects.   These  studies  reveal  that  adenosine  can,  at  one  class  of 
sites  (R-sites) ,  either  stimulate  or  inhibit  adenylate  cyclase  activity.   The 
fact  that  decreased  activity  is  associated  with  a  GTP-dependent  inhibitory  pro- 
cess reveals  the  importance  of  this  nucleotide  effect  in  metabolic  regulation, 
and  provides  a  basis  for  exploring  the  actions  of  other  ligands,  such  as  insulin, 
which  depress  the  rise  in  cyclic  AMP  caused  by  stimulatory  hormones. 

Proposed  Course  of  Project:   Further  studies  will  involve:  1)  biochemical 
identification  of  adenosine  receptors  with  the  use  of  appropriate  radio- labeled 
adenosine  analogs  we  are  synthesizing  currently,  and  the  labeling  of  these  sites 
with  photoaf f inity  compounds;  and  2)  an  attempt  to  resolve  the  controversial 
question  as  to  the  actions  of  insulin  on  adenylate  cyclase.   Our  preliminary 
studies  indicate  that  insulin,  like  adenosine,  inhibits  the  fat  cell  adenylate 
cyclase  by  a  mechanism  associated  with  the  GTP-dependent  inhibitory  process. 
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SUMMARY  OF  WORK  (200  „ords  or  less  -  unaerline  keywords) 

Adenylate  Cyclase  in  hepatic  membranes  is  regulated  by  hormones,  guanine  nucleo- 
tides, and  divalent  cations.   However,  when  solubilized  with  either  neutral  or 
ionic  detergents,  the  enzyme  loses  activity  when  assayed  in  the  presence  of  mag- 
nesium ions,  guanine  nucleotides,  and  hormones.   When  the  enzyme  is  pre-activated 
with  GMP-PNP  prior  to  solubilization,  the  enzyme  retains  divalent  cation  regula- 
tion and  most  of  the  activity  is  recovered.   Detergent  solubilization  of  the  non- 
preactivated  enzyme  appears  to  result  in  dissociation  of  the  catalytic  unit  from 
components  involved  in  metal  ion,  guanine  nucleotide,  and  hormonal  regulation. 
The  dissociated  enzyme  uses  MnATP  rather  than  MgATP  as  substrate.   The  selective 
use  of  MnATP  as  substrate  is  also  a  characteristic  of  the  normally  soluble  adeny- 
late cyclase  in  rat  testis. 
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Objectives:   The  object  of  this  long-term  project  is  to  identify,  separ- 
ate, and  characterize  the  various  components  responsible  for  the  complex  regu-  f 
lation  of  adenylate  cyclase  systems  by  hormones,  guanine  nucleotides,  and 
divalent  cations.   Since  resolution  of  the  components  requires  extraction  of 
the  components  with  detergents,  our  initial  efforts  have  concentrated  on  the 
characteristics  of  the  enzyme  when  extracted  with  various  types  of  neutral 
and  ionic  detergents. 

Methods :   Hepatic  plasma  membranes  were  purified  and  assayed  for  adeny- 
late cyclase  activity  by  procedures  established  in  this  laboratory.   Membranes 
were  dispersed  with  either  Lubrol-PX  or  with  deoxycholate  and  then  centri- 
fuged  to  removed  non-dispersed  membrane  particles.   In  some  cases,  detergents 
were  removed  by  passage  through  hydrophobic  columns  or,  in  the  case  of  deoxy- 
cholate, by  extensive  dialysis. 

Major  Findings:   In  previous  studies  we  reported  that  preactivation  of 
hepatic  adenylate  cyclase  with  GMP-PNP  followed  by  solubilization  with  Lubrol- 
PX  yielded  nearly  complete  recovery  of  the  enzyme  in  a  form  that  retains  its 
characteristic  regulation  by  divclent  cations  and  which  uses  MgATP  or  MnATP  as 
substrate;  it  is  no  longer  activated  by  glucagon  and,  after  chromatography  on 
sieving  columns,  the  receptor  and  enzyme  are  separable  in  their  nucleotide 
sensitive  forms.   We  subsequently  found  that  if  the  enzyme  is  not  preactivated 
and  is  detergent-dispersed,  substantial  losses  in  activity  occur  with  about 
30%  of  the  enzyme  remaining  sensitive  to  activation  by  GMP-PNP  in  the  presence 
of  MgATP  as  substrate.   We  now  report  that  part  of  the  loss  in  apparent  cy- 
clase activity  can  be  attributed  to  conversion  of  the  enzyme  to  a  form  that 
uses  only  MnATP  as  substrate  and  which  is  no  longer  susceptible  to  regulation 
by  guanine  nucleotide  or  by  divalent  cations  (Mg  or  Mn) .   Extraction  with 
ionic  detergents,  such  as  deoxycholate,  converts  essentially  all  of  the  en- 
zyme into  this  form.   Preliminary  experiments  indicate  that  the  enzyme  also 
exhibits  a  lower  molecular  weight  and  appears  not  to  be  associated  with  deter- 
gent-lipid  micelles  as  is  the  case  of  the  enzyme  dispersed  in  the  presence  of 
the  non-ionic  detergent  Lubrol. 

In  addition  to  altered  metal  ion  requirements  and  loss  of  guanine  nucleo- 
tide regulation,  the  dispersed  enzyme  displays,  unlike  the  membrane-bound 
form  of  the  enzyme  system,  little  inhibition  by  adenosine  and  strong  inhibi- 
tion by  P;^  or  PPj[.   These  differences  are  not  seen  when  the  enzyme  is  pre- 
activated with  GMP-PNP  which  suggests  that  retention  of  the  nucleotide  regu- 
latory component  is  essential  to  maintain  at  least  some  of  the  properties  of 
the  holoenzyme  in  the  membrane. 

The  characteristics  of  the  detergent-solubilized,  non-preactivated  en- 
zyme are  remarkably  similar  to  those  of  the  naturally  occurring  soluble 
adenylate  cyclase  found  in  rat  testis.   It  is  likely,  therefore,  that  detergent- 
dispersion,  particularly  with  deoxycholate,  converts  essentially  all  of  the 
holoenzyme  into  a  free  catalytic  unit;  i.e.  no  longer  associated  with  the 
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guanine  nucleotide  and  other  regulatory  components  responsible  for  regulation 
of  the  enzyme  in  its  membrane-bound  form. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute. 
The  adenylate  cyclase  system  is  one  of  the  key  enzyme  systems  involved  in  the 
actions  of  hormones,  neurotransmitters,  and  several  drugs  on  target  cells. 
Determination  of  the  structure  and  regulatory  components  of  these  systems  are, 
therefore,  important  for  the  ultimate  determination  of  how  hormones  and  intra- 
cellular regulatory  agents  act  on  these  systems.   Since  reconstruction  of  the 
system  from  its  various  components  requires  resolution  and  purification  of 
the  components,  the  present  study  provides  the  means  of  separating  cleanly 
the  catalytic  component  from  the  regulatory  components  and  holds  promise  for 
purification  of  this  component. 

Proposed  Course  of  the  Project:   Further  purification  of  the  catalytic 
component  and  comparison  of  its  properties  with  the  purified  soluble  testis 
enzyme  is  planned.   Reconstitution  of  guanine  nucleotide  and  Mg-dependent 
activation  of  the  purified  catalytic  component  will  be  attempted  by  adding 
various  fractions  obtained  from  chromatographic  procedures  to  the  purified 
enzyme.   This  project  will  also  be  incorporated  into  an  on-going  program  of 
combining  membrane-bound  forms  of  adenylate  cyclase  that  have  lost  their 
regulatory  properties  with  purified  components  isolated  by  detergent  extract- 
ion and  subsequent  chromatography. 

Publications: 

Londos,  C,  Lad,  P.M.,  Nielsen,  T.B.,  and  Rodbell,  M. :  Solubilization  and 
Conversion  of  Hepatic  Adenylate  Cyclase  to  a  Form  Requiring  MnATP  as  Sub- 
strate.  J.  Supramol.  Struct.  (In  Press). 

Newby,  A.C.,  Rodbell,  M.  and  Chrambach,  A.:  Adenylate  Cyclase  in  Polyacryl- 
amide  Gel  Electrophoresis:  Solubilized  But  Active.  Arch.  Biochem.  Biophys. 
(In  Press) . 

Welton,  A.F. ,  Lad,  P.M.,  Newby,  A.C. ,  Yamamura,  H. ,  Nicosia,  S.,  and  Rodbell, 
M. :  Characteristics  of  Lubrol-solubilized  Adenylate  Cyclase  in  Hepatic  Plasma 
Membrane.   Biochem.  Biophys.  Acta.  522:  625-639,  1978 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  mature  rat  testis  contains  a  soluble  form  of  adenylate  cyclase  which, 
unlike  the  usual  membrane-bound  form  of  the  enzyme,  is  not  regulated  by  fluoride 
ion,  guanine  nucleotides,  metal  ions,  or  hormones.   It  may  represent  the  cata 
lytic  component  of  the  membrane-bound  enzyme.   The  soluble  testis  enzjnne  has 
been  purified  about  10,000-fold  with  respect  to  the  whole  homogenate  of  the 
testis  and  has  a  specific  activity  of  approximately  2  micromole  cyclic  AMP 
formed  per  min/mg  protein. 
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Project  Description 

Objectives :   Adenylate  cyclase  systems  in  eukaryotic  cells  play  an  im- 
portant, if  not  essential,  role  in  the  expression  of  hormone  action.   The 
cyclases  which  respond  to  hormones  are  embedded  in  plasma  cell  membranes  and 
have,  thus  far,  proved  intractable  to  purification.   We  have  found  recently 
that  under  appropriate  conditions,  solubilization  of  the  hepatic  membrane- 
bound  adenylate  cyclase  produces  a  form  of  the  enzyme  which  uses  MnATP,  as 
substrate. 

Mature  rat  testes  produce  a  soluble  adenylate  cyclase  which  uses  MnATP 
exclusively  as  substrate  and  which  should  be  amenable  to  standard  protein 
purification  procedures.   It  is  the  goal  of  these  studies  to  purify  and  pro- 
duce antibodies  to  the  to  testicular  enzyme.   If  such  antibodies  cross-react 
with  the  membranes-bound  form  of  the  enzyme,  one  would  have,  with  the  use  of 
affinity  chromatography,  a  powerful  tool  for  purification  of  the  adenylate 
cyclase  extracted  from  membranes. 

Major  Findings:   With  respect  to  testicular  homogenate  activity,  the 
adenylate  cyclase  has  been  purified  approximately  10,000-fold  to  a  specific 
activity  of  2  micromoles  cyclic  AMP  formed  per  min  per  mg  protein.   This  was 
accomplished  with  the  use  of  ammonium  sulfate  precipitation,  and  chromatography 
on  DEAE-agarose,  Sephadex  G-150,  and  hydro xyapatlte.   The  yields  and  purity 
are  sufficient  to  permit  processing  of  a  scale  necessary  to  attempt  antibody 
production. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
The  molecular  dissection  of  hormonally-responsive  membrane-bound  adenylate 
cyclase  systems  would  provide  information  on  the  manner  by  which  hormones 
transmit  signals  across  plasma  cell  membranes.   Conventional  procedures  for 
purifying  soluble  enzymes  have  thus  far  been  ineffective  in  purifying  membrane- 
bound  adenylate  cyclase.   Should  the  antibody  to  the  soluble  testicular  enzyme 
react  with  the  membrane-bound  form,  this  project  will  have  provided  a  new  and 
potentially  powerful  tool  for  the  purification  effort.   Other  possible  benefits 
would  include  a  means  for  quantitating  the  enzyme  and  assessing  the  relation- 
ship between  hormone  receptors  and  the  cyclase. 

Proposed  Course  of  the  Project:   This  project  is  being  held  in  adeyance 
until  personnel  become  available  to  process  large  batches  of  testes. 

Publications:   None 
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SUMMARY  OF  WORK  (200  -iords  or  less  -  underline  keywords) 

Several  organic  mercurials  were  found  to  modify  selective  aspects  of  the 
regulation  of  adenylate  cyclase  activity  in  membranes  isolated  from  fat  cells 
and  rat  liver.   Treatment  of  the  membranes  with  the  mercurials  results  in  ir- 
reversible loss  of  the  stimulating  actions  of  GTP  and  hormones  on  these  systems 
even  after  removal  of  the  mercuricals  by  washing  or  destruction  with  thiol  rea- 
gents.  Paradoxically,  the  activity  of  the  enzyme  (seen  most  dramatically  with 
the  fat  cell  cyclase  system)  is  increased  to  levels  approximating  those  seen  whe 
the  enzyme  is  activated  with  guanine  nucleotides  and  hormones.   Binding  of  hor- 
mones to  receptors  and  the  actions  of  GTP  on  hormone  binding  are  not  altered  by 
organic  mercurials,  suggesting  that  the  mercurials  alter  selectively  the  guanine 
nucleotide  component  responsible  for  mediating  hormone  action  and  regulation  of 
adenylate  cyclase  activity. 
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Project  Description 

Objectives:   In  past  studies  we  have  employed  various  probes  to  determine 
the  nature  and  number  of  components  Involved  in  the  complex  regulation  of 
adenylate  cyclase  systems  by  hormones,  guanine  nucleotides,  metal  ions,  etc. 
In  this  project  we  use  chemically  defined  probes  as  a  means  of  exploring  the 
functional  and  structural  characteristics  of  the  enzyme  system. 

Methods:   Purified  plasma  membranes  were  prepared  from  fat  and  liver 
cells  by  previously  established  procedures.   The  actions  of  organic  mercurials 
on  adenylate  cyclase  were  determined  by  first  treating  the  membranes  at  4° 
with  varying  concentrations  of  the  mercurials   following  by  washing  the  mem- 
branes and/or  removing  the  mercurials  with  thiol  reagents  (usually  dithio- 
threitol) .   The  treated  membranes  were  then  assayed  for  adenylate  cyclase 
activity  in  the  absence  and  presence  of  various  effector  ligands  (hormones, 
GXP,  GMP-PNP,  fluoride  ion).   In  some  cases  the  membranes  were  pretreated 
with  the  effector  ligands  prior  to  exposure  of  the  membranes  to  organic  mer- 
curials. 

Major  Findings:   Organic  mercurials  exerted  multiple  effects  on  adenylate 
cyclase  activities.   Our  previous  studies  had  shown  that  the  catalytic  com- 
ponent of  cyclase  contains  a  sulfhydryl  group (s)  necessary  for  catalytic  activ- 
ity.  Exposure  to  0.2  mM  p-hydroxymercuriphenyl  sulfonate  (as  an  example  of 
a  potent  organic  mercurial)  inactivated  the  enzyme.   However,  this  inactivat- 
ion  is  readily  and  completely  reversed  by  the  addition  of  thiol  reagents.   By 
contrast,  activation  of  the  enzyme  by  either  GTP  or  a  combination  of  glucagon 
plus  GTP  (in  the  case  of  the  hepatic  enzyme  system)  is  completely  prevented 
by  organic  mercurial  treatment  even  after  extensive  washing  of  the  membranes 
and  treatment  with  thiol  reagents.   Furthermore,  as  seen  particularly  with 
the  fat  cell  system,  treatment  with  organic  mercurials  followed  by  thiol 
destruction  of  the  mercurials  resulted  in  marked  enhancement  of  adenylate  cy- 
clase activity  to  levels  seen  with  hormones  and  guanine  nucleotides  in  un- 
treated membranes.   In  the  fat  cell  system,  GTP  exerts  marked  inhibition  of 
enzyme  activity  enhanced  by  mercurial  treatment.   Thus,  these  studies  have 
provided  further  evidence  that  GTP  has  two  independent  actions  on  the  fat 
cells;  one  causes  activation  of  the  enzyme  in  the  presence  of  hormones;  the 
other  GTP  process  causes  inhibition  of  enzyme  activity.   Only  the  former  seems 
to  be  altered  by  the  actions  of  the  mercurials.   Curiously,  treatment  of  plasma 
membranes  with  cholera  toxin  prevents  the  irreversible  loss  of  adenylate  cy- 
clase activation  by  GTP,  a  phenomenon  that  could  prove  important  in  evaluating 
the  actions  of  the  toxin  and  the  sites  of  action  of  the  organic  mercurials. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
This  project  adds  to  the  total  effort  of  understanding  the  complex  actions  of 
hormones  and  guanine  nucleotides  on  hormone-sensitive  adenylate  cyclase  sys- 
tems. 

Proposed  Course  of  Project:   Since  we  have  shown  in  other  studies  that 
guanine  nucleotides  cause  dispersion  of  oligomeric  forms  of  adenylate  cyclase, 
it  is  possible  that  organic  mercurials  may  affect  the  interactions  between  the 
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oligomeric  subunits  and  the  ability  of  guanine  nucleotides  to  disperse  these 
structures  into  their  active  monomeric  units.   Since  the  present  study  suggests] 
that  sulfhydryl  groups  are  involved  in  the  activation  of  the  enzyme  by  GTP 
and  in  the  activity  of  the  enzyme,  we  intend  to  investigate  the  size  distri- 
bution of  the  enzyme,  using  irradiation  analysis,  when  the  membranes  have  been 
treated  with  organic  mercurials.   The  actions  of  cholera  toxin,  which  prevent 
inactivation  by  the  mercurials,  will  be  similarly  investigated  with  respect 
to  the  size  of  the  adenylate  cyclase  system  in  both  fat  and  liver  cells. 

Publications: 

Lin,  M.C.,  Welton,  A.F.  and  Berman,  M.F. :   Essential  role  of  GTP  in  the  ex- 
pression of  adenylate  cyclase  activity  after  cholera  toxin  treatment.   J.  Cyc. 
Nuc.  Res.  1978  (In  Press). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Kinetics  for  the  association  of  inner  histones  and  140  base  pair  (bp)  DNA 
in  0.6  M  NaCl  have  been  determined.   An  initial  fast  reaction  leads  to  folding  o 
75%  of  the  DNA;  the  remaining  folds  over  a  several  hour  period  with  exponential 
kinetics,  independent  of  concentration.   Mechanisms  have  been  examined,  and  one, 
involving  transfer  of  an  octamer  of  histones  from  core  particle  to  naked  DNA, 
judged  to  be  most  consistent  with  the  experimental  data.   Similar  studies  of  his 
tone-DNA  association  have  been  performed  with  trypsin-treated  histones.   Although 
they  lack  the  basic  amino-terminal  region,  these  histone  can  fold  DNA  into  a  comi- 
pact  structure.   Extensions  of  previous  studies  have  substantiated  the  role  of  ah 
H3  +  H4  tetramer  in  providing  the  nucleus  for  folding  DNA  into  a  core  particle- 
like structure.   The  accessabilities  of  the  inner  histones  to  chemical  modifica- 
tion by  a  nonspecific  chemical  probe  have  been  determined  at  different  salt  con- 
centrations. The  state  of  association  of  histones  in  2  M  NaCl  has  been  studied  bjv 
several  physical  methods;  results  suggest  a  tetramer-octamer  equilibrium.  The  oc- 
tamer portion  of  these  histones  apparently  exists  in  a  different  structure  from 
the  octamer  present  in  the  core  particle,  since  the  crosslinked  solution  octamerj 
does  not  refold  DNA  efficiently. 41 
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Project  Description 

Objectives:   To  study  the  structural  bases  for  the  restriction  of  trans 
cription  of  the  major  portion  of  genetic  information  in  nucleated  cells,  and 
to  study  the  mechanisms  which  allow  transcription  of  that  portion  of  the  genet 
information  which  is  appropriate  to  the  function  of  the  particular  cell  type 


I 


Methods  Employed:   Nuclei  are  prepared  from  chicken  erythrocytes,  rodent 
liver,  or  Hela  cells,  labeled  with  SH-thymidine  or  unlabelled.   Nuclear  suspen- 
sions in  isotonic  sucrose  containing  0.1  -  1  mM  CaCl2  are  digested  for  varying 
lengths  of  time  with  micrococcal  nuclease  and  nucleosomes  isolated  by  sediment- 
ation on  isokinetic  sucrose  gradients.  | 

Methods  for  chemical  modification  of  core  particles  with  polynucleotide 
kinase  and  radioactive  ATP  or  with  dimethyl  suberimidate  were  as  described  pre- 
viously. 

Trypsin  digestion  of  core  particles  was  carried  out  at  20  in  5  mM  Tris-Cl, 
pH  8.0,  at  a  trypsin  concentration  of  5mcg/ml  for  about  2  hours.   This  pro- 
cedure produces  the  same  limit  digest  of  histone  fragments  previously  charac- 
terized by  Weintraub  and  VanLente  as  consisting  of  the  carboxyl-terminal  2/3  - 
3/4  of  the  histones. 

Histones  were  isolated  from  unsheared,  salt  washed  chromatin  (or  chicken 
erythrocyte  nuclear  digests)  by  salt  dissociation,  adsorption  of  DNA  onto  hy- 
droxyapatite,  and  fractionation  of  proteins  by  gel  filtration.   Crosslinking 
of  histones  was  performed  with  dimethylsuberimidate  at  pH  9.0  in  borate  buffer, 
as  previously  detailed.   The  histone  octamer  was  isolated  by  gel  filtration. 

Reconstitution  of  core  particles  was  performed  by  salt  jumping  dissociated 
particles  (in  2.5  M  NaCl)  to  0.6  M  NaCl  and  incubation  at  various  temperatures 
for  different  times.   Samples  were  then  either  analyzed  directly  (DNAase  di- 
gestion, analytical  ultracentrifugation,  circular  dichroism)  or  fractionated  on 
isokinetic  sucrose  gradients  at  4°C  as  previously.   Trypsin-treated  histones 
were  similarly  reconstituted  to  140  bp  DNA. 

Determinations  of  circular  dichroism  spectra,  thermal  denaturation  profiles, 
sedimentation  coefficients,  low-speed  equilibrium  molecular  weights,  DNA  sizes, 
and  histone  contents  were  made  by  established  methods.   Number  average  molecular 
weights  of  histones  in  2  M  NaCl  were  obtained  by  membrane  osmometry  using  a 
MechroLabs  Model  503  osmometer.   Samples,  dialyzed  to  equilibrium,  were  analyzed 
at  various  protein  concentrations  and  temperatures,  using  a  Spectrapor  dialysis 
membrane.  ,— 

i 

Major  Findings:   Histones  and  DNA  are  totally  dissociated  from  one  another" 
when  placed  at  high  ionic  strengths  (e.g.  2  M  NaCl).   Previously,  others  have 
established  conditions  sufficient  for  reassociation  of  these  dissociated  species 
into  chromatin  with  properties  like  those  of  the  native  material.   Here,  we 
have  determined  necessary  conditions  for  the  reassociation  and  studied  the 
kinetics  of  the  reassembly  process.   Core  particles  are  nearly  intact  in  0.6 
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M  NaCl,  as  judged  by  their  sedimentation  behavior  and  the  products  of  digestion 
by  DNAase  I.   When  core  particles  are  dissociated  in  2.5  M  NaCl  and  salt  jumped 
to  0.6  M  NaCl,  reassembly  (judged  by  circular  dichroism  spectra,  DNAase  I  di- 
gestion patterns,  and  sedimentation  behavior)  occurs  in  two  distinct  time  phases. 
About  75%  of  the  DNA  refolds  "instantaneously"  into  core  particle-like  structures 
(within  seconds  to  minutes).   The, remaining  DNA  is  refolded  into  core  particles 
over  a  time  period  of  several  hours.   The  rate  of  the  second  phase  is  not  de- 
pendent on  core  particle  concentration,  is  not  due  to  sample  heterogeniety , 
and  varies  with  temperature  of  incubation  in  an  Arrhenius  fashion  with  an  ap- 
parent activation  energy  of  2.6  kcal  per  mole  of  particles.   The  transient 
intermediates  present  during  the  slow  phase  of  reassembly  were  identified  as 
free  DNA  and  core  particles  with  excess  histones,  using  sucrose  gradient  sedi- 
mentation of  particles  containing  radioactively  labeled  histones. 

Both  the  relaxation  time  for  refolding  in  the  slow  phase  and  the  propor- 
tion of  slowly  refolding  DNA  are  invariant  as  a  function  of  core  particle  con- 
centration over  a  50-fold  range.   Two  mechanisms  which  might  be  consistent 
with  these  kinetics  were  considered  in  detail  -  a  number  of  other  possible 
mechanisms  are  immediately  precluded  by  the  observations  detailed  above.   In 
the  first,  isomerization  of  histones  from  a  form  incapable  of  folding  DNA  to 
one  capable  of  compacting  the  nucleic  acid  is  the  rate  limiting  step  in  re- 
assembly.  This  mechanism  is  discarded  on  the  basis  of  the  observed  time  de- 
pendance  of  dissociation  of  core  particles  on  being  salt  jumped  from  low  ionic 
strength  to  0.6  M  NaCl.   The  second  mechanism,  consistent  with  all  the  experi- 
mental data,  involved  a  competition  of  DNA  and  core  particles  for  histone 
octamers  in  0.6  M  NaCl,  leading  to  the  transient  formation  of  aberrant  par- 
ticles containing  twice  the  normal  complement  of  the  inner  histones.   Estimated 
values  for  the  rate  constants  and  equilibrium  positions  for  the  reactions  in- 
volved in  this  process  have  been  calculated.   The  analysis  leads  to  the  rather 
surprising  result   that  a  very  small  expenditure  of  energy  is  required  for 
transfer  of  a  histone  octamer  from  a  core  particle  to  the  particle  containing 
a  double  complement  of  histones. 

Implications  of  this  hypothesis,  which  we  call  the  migrating  octamer,  are 
broad  in  terms  of  current  ideas  about  chromatin  function.   Transcription,  al- 
ways puzzling  in  terms  of  whether  DNA  was  histone  free  in  transcribed  regions 
or  whether  histone  dissociation  must  accompany  passage  of  RNA  polymerase,  is 
easily  explained  as  a  transient  dissociation  of  histone  octamers  from  DNA 
during  the  transcriptive  process,  followed  by  reassociation  of  histones  from 
the  core  particle  "sink"  to  the  DNA  which  has  been  transcribed.   Similarly, 
conflicting  results  in  the  literature  concerning  the  association  of  histones 
with  newly-replicated  DNA  are  easily  interpreted  if  one  postulates  that  newly 
synthesized  histones  can  associate  with  old  core  particles  and  then,  either 
old  or  new  histones  can  migrate  to  newly  replicated  DNA,  with  reassociation 
driven  by  a  favorable  energy  change. 

In  a  related  study,  the  ability  of  histones  lacking  their  highly  basic 
amino- terminal  regions  to  refold  DNA  into  core  particle-like  structures  has 
been  examined.  We  had  previously  shown  that  excision  of  the  amino  terminal 
regions  of  the  inner  histones  led  to  small  alterations  in  the  structure  of 
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the  core  particle,  even  though  the  regions  normally  resistant  to  DNAase  I  hy- 
drolysis became  susceptible  in  the  trypsin  treated  particles.   In  the  current   ! 
studies,  Hela  chromatin  core  particles  were  digested  with  trypsin  to  excise 
the  NH2-terminal  histone  regions.   The  resulting  nucleoprotein  complexes  were 
dissociated  in  2.5  M  NaCl;  the  DNA  and  polypeptides  were  then  allowed  to  re- 
assemble by  lowering  the  NaCl  concentration.   Eighty  per  cent  of  the  DNA  re-   Ji|| 
associated  with  the  polypeptides.   The  reassembled  nucleoprotein  complexes     wL 
sediment  at  9.7  S,  have  a  molecular  ellipticity  at  280  nm  of  3000  degrees       !l 
cm  /dmol  of  PO4,  and  contain  DNase  I-susceptible  sites  at  10  nucleotide  inter- 
vals.  The  pattern  of  products  generated  by  cross-linking  the  polypeptides  with  j 
dimethylsuberimidate  is  very  similar  to  the  pattern  generated  by  cross-linking 
native  core  particles.   The  results  indicate  that  histones  which  lack  their 
NH2-terminal  regions  retain  both  the  features  necessary  for  correct  protein- 
protein  interactions  and  the  ability  to  fold  DNA  into  a  nucleoprotein  complex 
resembling  the  chromatin  core  particle. 

We  reported  previously  on  the  ability  of  histones  H3  and  H4  to  fold  DNA 
into  a  structure  like  a  core  particle,  implicating  these  two  arginine-rich 
histones,  interacting  as  a  tetramer,  in  providing  the  basic  structural  frame- 
work for  the  core  particle  (data  supported  by  the  results  of  several  other 
groups) .   We  have  now  further  characterized  the  complex  of  140  bp  DNA  with 
histones  H3  and  H4,  and,  further,  compared  it  with  the  properties  of  a  complex 
formed  by  association  of  histone  H2A  and  H2B  with  the  same  DNA. 


The  nucleoprotein  complex  obtained  by  reconstitution  of  arginine  rich 
histones  with  140  bp  length  DNA  has  properties  considerably  closer  to  native 
core  particles  than  the  complex  obtained  with  lysine  rich  histones.   A  tetramer' 
of  arginine  rich  histones  folds  140  base  pair  length  DNA  into  a  particle  (R 
body)  with  identical  projections,  on  high  resolution  electron  micrographs,  as 
native  core  particles.   The  R  body  is  more  spherical  in  shape  than  the  native 
nucleosome  core  particle.   Both  arginine  and  lysine  rich  histones  contribute 
to  the  altered  thermal  stability  and  circular  dichroism  spectra  of  the  core 
particle  DNA. 

As  an  outgrowth  of  studies  defining  the  interactions  of  a  carcinogen, 
benzpyrene  diol  epoxide,  with  the  proteins  of  Hela  cell  core  particles,  we 
have  used  this  compound,  a  nonspecific  electrophilic  reagent,  to  map  the  avail- 
ability of  histone  residues  in  core  particles  under  various  conditions  of  salts 
and  denaturants.   In  0.1  M  NaCl,  histones  H2A  and  H2B  react  with  BPDE  to  a  far 
greater  extent  than  H3  and  H4;  this  differential  availability  to  the  reagent 
is  lost  when  the  structure  of  the  histone  octamer  is  dissociated  in  8  M  urea, 
demonstrating  that  conformational  constraints  lead  to  the  diminished  reactivity 
of  the  arginine-rich  histones.   Such  a  finding  is  consistent  with  H3  and  H4 
being  localized  in  a  more  interior  position  in  the  core  particle  protein  nu- 
cleus.  Very  striking  alterations  in  the  reactivity  of  the  inner  histones  occui 
at  different  salt  concentrations.   At  very  low  ionic  strengths  (about  1  mM) , 
H2A  is  virtually  the  only  histone  modified.   In  50  mM  NaCl,  H2B  and  H2A  react 
almost  equally.   At  higher  salt  concentrations,  the  reactivity  of  H2A  is  grad- 
ually decreased,  until,  at  0.4  M  NaCl,  it  is  virtually  abolished.   In  0.6  M 
NaCl,  as  the  particle  structure  begins  to  open  up  due  to  weakened  histone 
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interactions  with  DNA,  reaction  of  the  arginine-rich  histones  with  BPDE  in- 
creases.  We  do  not  knew  the  molecular  bases  for  the  differential  reactivity 
of  the  particle  histones  with  this  agent;  it  is  apparent,  however,  that  some 
significant  structural  transitions  occur  in  the  core  particle  histone  arrange- 
ments near  physiological  ionic  strength  and  that  the  inner  histone  octamer 
core  is  not  the  static  polymeric  protein  that  most  people  envision. 

One  of  the  major  current  problems  in  understanding  the  interactions  of 
the  inner  histones  is  the  state  of  association  of  these  proteins  when  dissoci- 
ated from  DNA  in  high  salt  concentrations.   Various  groups  have  reported  that 
the  histones  existed  as  an  octamer,  as  tetramers,  or  as  an  equilibrium  mixture 
of  octamer  with  tetramer  or  with  hexamer  and  dimer.   Many  of  the  problems  have 
been  caused  by  uncertainties  in  the  density  increment  for  the  proteins  in  high 
salt.   Additionally ,. we  have  found  that  molecular  weights  determined  with  the 
scanner  system  in  the  ultracentrifuge  can  be  affected  by  the  presence  of  amounts 
of  DNA  which  are  practically  undetectable  by  chemical  analysis.   We  have  re- 
cently begun  measurements  of  the  state  of  association  of  histones  using  mem- 
brane osmometry,  a  sensitive  technique  which  does  not  require  knowledge  of  the 
protein  density  increment  and  one  which  will  be  insensitive  to  the  levels  of 
contaminating  DNA  present  in  our  histone  preparations.   Initial  results  indi- 
cate a  concentration  dependence  of  molecular  weight  at  25°C  suggesting  the 
presence  of  large  amounts  of  octamer  at  high  protein  concentrations,  with  sig- 
nificant amounts  of  tetramer  at  lower  concentrations.   This  equilibrium  may  be 
slightly  altered  at  lower  temperatures.   Correlation  of  these  results  (giving 
number  average  weights)  with  concurrent  studies  of  association  using  inter- 
ference optics  in  the  ultracentrifuge  (giving  weight  averages)  should  allow 
resolution   of  the  problem. 

Histones  in  2  M  NaCl  can  be  crosslinked  into  an  octamer  with  dimethyl 
suberimidate;  we  are  interested  whether  the  protein  arrangements  in  that  octa- 
mer are  similar  to  those  present  in  the  octamer  generated  by  dimethylsuber- 
imidate  crosslinking  of  histones  in  situ  in  the  core  particle. 
This  latter  octamer  was  reported  by  us  last  year  to  be  capable  of  refolding 
140  bp  DNA  into  a  core  particle-like  structure  and  inducing  torsional  con- 
straints on  closed  circular  DNA.   The  solution  octamer  was  isolated  and  studied 
in  its  interactions  with  140  bp  DNA.    Only  a  small  amount  of  complex  sedi- 
menting   at  IIS  was  formed  on  annealing  these  two  species.   Further,  the 
species  formed  was  unstable,  even  at  ionic  strength  0.1  M.   Results  of  DNAase 
I  digestion,  thermal  denaturation  and  circular  dichroism  confirm  the  fact  that 
the  solution  octamer  does  not  effectively  combine  with  DNA  to  reform  core  par- 
ticles, in  marked  contrast  to  the  octamer  crosslinked  in  situ.   Experiments 
designed  to  determine  whether  the  failure  of  the  solution  octamer  to  refold  DNA 
is  due  to  modification  of  critical  lysyl  residues  or  due  to  different  protein- 
protein  interactions  and  structure  of  the  complex  in  the  absence  of  DNA  are 
currently  underway. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute 
Description  of  the  structure  of  the  eukaryotic  nucleoprotein  complex,  chroma- 
tin, is  necessary  for  understanding  the  mechanism  of  gene  regulation  in  higher 
organisms.   Our  current  studies  aim  at  complete  understanding  of  the  structural 
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relationships  between  histones  and  DNA  to  create  the  nucleosotne,  the  basic 
structure  determining  element  of  chromatin. 

Proposed  Course  of  Project:   Investigations  of  histone-histone  interact- 
ions and  the  mechanism  of  stabilization  of  DNA  by  its  interaction  with  nucleo- 
some  cores  will  continue  using  techniques  outlined  above. 
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SUMMARY  OF  *;ORK  (200  words  or  less  -  underll-ie  kevwords) 

In  vivo   acetylation   of    histones   H3    an3   H4    leads   to    increased    susceptibility  of 
nuclear   DNA   to  DNAase   I   and   more   rapid   excision  of   nucleosomes   containing    the 
modified    histones.      Minor   effects   on   core   particle   structure  are   observed.      The 
chromatosome,    a   chromatin   particle   containing    160   base   pairs   of   DNA  and   all   the 
histones,    has   been    isolated   and    studied.      The   particle    is    compact    in   shape, 
markedly   stable   to    thermal   denaturation,    and    highly   resistant    to  DNAase   I. 
Mapping    experiments   suggest    that    it    contains   an   additional    10   base  pairs   of   DNA 
on   each  end    of    the  core  particle   140  base  pair   length.      Thyroid   hormone    (T3) 
binds    to   a   limited  number   of    sites    in   liver   chromatin  with  high  affinity.      Other 
tissues  differ   from   liver    in   having   fewer   sites   and    lowered    stability.      Initial 
experiments   suggest    that  monomer  nucleosomes  do  not   bind    the   hormone.      The 
carcinogen,    benzpyrene  diol    epoxide    interacts  with  HeLa   cell   core  particles   to 
covalentlv  modify  many  proteins.      Nonhistones  are  generally  modified    to   a   greatei 
extent    than    the  histones.      A  nonhistone   protein   of  MW   about   40,000    is  modified 
more   rapidly   than   any   other    component   of    the   core  particle. 
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Objectives:      To    investigate   the   physical   and    chemical  differences 
between   portions   of    the   eukaryotic  genome  which  are   transcribed   and    those 
which  are  repressed. 

Methods   Employed:      HeLa   cells   are  grown  under   standard    conditions  and,    in 
some   cases,    incubated   for  up    to   24    hr  with   5  mM   sodium  n-butyrate.      Nuclear 
preparations,    digestion  with  micrococcal  nuclease,    and    separation   of    chromatin 
core  particles  are  performed   by  methods   standard    in   this   laboratory.      DNA 
fragments   are  analyzed   by  gel   electrophoresis  under  native  and  denaturing 
conditions,    nucleoprotein   gels   are  performed   using    5%   polyacrylamide,    and 
histones   are   separated   on   either   18%   polyacrylamide  gels   containing    sodium 
dodecyl    sulfate,    or   long   acid-urea  gels    to   resolve  modified    histone  variants. 

Chromatosomes   are   isolated   by  digestion  of    chicken   erythrocyte  nuclei 
with  micrococcal  nuclease,    fractionation  of   the  digest   on   sucrose  gradients 
at    low   ionic   strength,    and   precipitation   of    the   chromatosome  fraction  with 
0.1  M  KCl    (the  core   particles   are   soluble  at    this    ionic    strength). 

Circular  dichroism   spectra   of    chromatin   particles   are  determined    in   a 
Gary  Model    61    spectropolarimeter.      Analytical  ultracentrifugation    is   performed 
in  a  Beckman  Model   E    instrument    equipped   with  RTIC,    ultraviolet    scanner   optics 
and  multiplexer.      Thermal   denaturation  analyses   are  performed    in  an  ACTA  III 
spectrophotometer   equipped   with   sample  changer,    temperature  programmer,    and 
platinum   resistance   thermometer. 

t  32 

Labeling   of    the   5      ends   of   DNA  of    chromatin   particles  with       P,    using 

polynucleotide   kinase  and    Y-     P-ATP   was   as   previously  described.      DNAase   I 
digestions,    electrophoresis   of   DNA  fragments   and   autoradiography   of   gels  was 
performed   as   previously. 

125 

I-T3   was    incubated   with  chromatin   or   chromatin  fractions   as   previously 

detailed.      Assessment    of    binding   was   by   either   1)    the  hydroxyapatite  method 

previously  described    or   2)    a  method  using    small   columns   of    Sephacryl   S-200 

(which  binds  T3    tightly  under    the  assay   conditions)    to   separate   free   from   bound 

hormone. 

14 

C-labeled    benzpyrene  diol   epoxide    (BPDE)    was   obtained    through   the 

courtesy   of    the  Chemical  Carcinogenesis  Program,    NCI.      BPDE  was    incubated  with 
core  particles  under  various   conditions.      For  determination   of    incorporation 
rates,    excess   carcinogen  was   removed   by   extraction  with   ethyl   acetate.      Locali- 
zation  of    the   species  modified   was   carried   out   by   standard   fractionation 
methods,    gel    electrophoresis,    and   fluorography  using   gels   dried   after    impregna- 
tion with  scintillants. 

Major  Findings:      A  number   of    experimental   findings   have   suggested   that         I 
1)    histone  acetylation  might   be   associated  with  gene  activration  and   2)    histone 
HI  might   be  absent   from   transcribed   genes.      These   two   possible  mechanisms   for 
creation   of   a   transcribable   gene   segment    in   chromatin   have  been   studied    in   the 
context   of    the   current   paradigm   concerning    the   subunit    structure  of    the 
eukaryotic   chromosome. 
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HeLa  cells  were  grown  in  the  presence  of  5  mM  sodium  n-butyrate,  leading 
to  extensive  in  vivo  acetylation  of  histones  H3  and  H4 ,  as  originally  described 
by  Ingraham's  group.   Quantitation  of  the  degree  of  modification  was  made  by 
comparison  of  the  mean  extent  of  acetylation  of  H4  in  histones  separated  in 
acid-urea  gels,  in  which  the  modified  derivatives  are  clearly  resolved.   The 
level  of  modification  for  butyrate  treated  cells  was  between  2  and  3  acetyl 
groups  per  H4 ;  this  compares  to  a  level  of  about  0.25  for  untreated  cells. 

Nuclear  DNA  in  butyrate-treated  cells  is  digested  5-10  fold  more  rapidly 
by  DNAase  I  than  the  DNA  of  control  cells.   Staphylococcal  nuclease  degrades 
the  two  nuclear  samples  to  acid-soluble  material  with  identical  rates;  this 
nuclease,  ho.wever,  does  excise  nucleosomes  with  extensively  acetylated  histones 
from  the  nucleoprotein  chain  preferentially.   The  physical  properties  of 
unsheared  chromatin  and  isolated  core  particles  from  control  and  butyrate- 
treated  cells  are  closely  similar,  as  are  the  rates  of  digestion  of  core 
particles  from  the  two  cell  preparations  by  DNAase  I.   Determination  of  the 
relative  susceptibilities  of  cleavage  sites  for  DNAase  I  danonstrates  that  the 
site  60  bases  from  the  ends  of  the  DNA,  resistant  in  control  cells,  becomes 
susceptible  to  the  nuclease  in  core  particles  containing  acetylated  histones. 
Similarly,  the  5'  terminal  phosphate  at  the  end  of  DNA  in  core  particles  is 
removed  by  staphylococcal  nuclease  2-3  fold  faster  in  particles  containing 
acetylated  histones  than  in  particles  from  control  cells. 

Since  Weintraub  and  Axel  and  their  coworkers  have  shown  that  transcribable 
genes  are  preferentially  digested  by  DNAase  I,  these  data  are  consistent  with 
histone  acetylation  being  one  mechanism  involved  in  conversion  of  a  repressed 
gene  segment  into  a  transcribable  segment.   However,  the  data  suggest  that 
the  alteration  in  structure  which  accompanies  histone  acetylation  is  likely  to 
occur  at  a  higher  level  of  structure  than  the  isolated  chromatin  core  particle. 
This  possibility  is  under  investigation,  using  relatively  homogeneous  prepara- 
tions of  higher  order  chromatin  (average  size  about  15  nucleosomes)  from 
control  and  butyrate  treated  HeLa  cells. 

Histone  HI,  the  largest,  most  lysine-rich,  and  most  variable  of  the 
histones,  has,  on  the  basis  of  a  plethora  of  circumstantial  evidence,  been 
thought  to  be  absent  from  gene  segments  which  are  capable  of  being  transcribed 
by  DNA-dependent  UNA  polymerase.   HI  has  been  thought  to  be  associated  with 
the  linker  or  bridging  DNA  between  core  particles  in  chromatin,  perhaps  leading 
to  condensation  of  chromatin  by  interactions  with  other  HI  molecules.   We  have 
isolated  chromatin  particles  which  contain  a  160  base  pair  (bp)  length  of  DNA, 
an  octamer  of  the  four  smaller  histones,  and  a  molecule  of  lysine  rich  histone 
(HI  or  H5)  from  chicken  erythrocytes,  and  have  compared  some  physicochemical 
properties  of  these  particles  with  those  of  core  particles,  which  lack  HI  or 
H5  and  contain  20  bp  less  DNA. 

The  former  particles,  called  chromatosomes  for  convenience,  are  of 
particular  interest  in  that  they  contain  all  the  major  components  necessary 
for  organization  of  the  structure  of  long  stretches  of  chromatin.   Assuming 
that  the  structure  of  the  140  base  pairs  of  DNA  common  to  the  core  particle 
and  the  chromatosome  is  similar  in  these  two  particles,  physicochemical  data 
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suggest  that  1)  the  additional  DNA  in  the  chromatosome  is  folded  around  the 
histone  core,  2)  the  additional  DNA  is  not  in  the  same  conformation  as  the 
140  base  pairs  of  DNA  in  the  core  particle,  and  3)  both  the  20  additional  base 
pairs  of  DNA  in  the  chromatosome  and  some  DNA  segments  of  the  core  particle 
itself  are  markedly  stabilized  to  thermal  denaturation,  presumably  by  inter- 
action with  the  lysine  rich  histone.   Using  5 '-end  labeling,  I  have  mapped  the 
relative  susceptibilities  of  DNAase  I  cleavage  sites  in  the  chromatosome.   Sites 
at  20,  50,  60,  and  100  bases  from  the  ends  are  highly  susceptible;  the  sites 
40  and  70-!-90  bases  from  the  ends  are  cleaved  with  lower  frequency.   This 
distribution  suggests  that  the  chromatosome  contains  the  same,  relatively 
symmetric  array  of  cleavage  sites  as  the  core  particle,  but  with  10  base  pairs 
of  DNA  added  to  each  end.   These  data  suggest  that  the  chromatosome  likely 
contains  two  full  turns  of  DNA  around  the  histone  nucleus  of  the  core  particle, 
with  a  molecule  of  lysine  rich  histone  bound  outside  the  DNA-inner  histone 
complex. 
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The  chromatosomes  have  high  thermal  stability,  condensed  structure,  and 
resistance  to  digestion  with  DNAase  I,  all  characteristics  of  repressed        M 
(vs.  transcribable)  chromatin.   A  model  based  on  these  and  previous  data, 
including  the  presence  of  HI  on  a  chromatin  segment  as  necessary  for  repression 
of  transcription,  predicts  that  transcribed  gene  sequences  should  be  absent 
from  chromatosomes,  although  present  in  both  200  bp  repeat  length  particles  and 
in  140  bp  length  core  particles.   This  prediction  is  currently  under  test. 
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A  second  avenue  of  approach  to  structure-function  relationships  in 
chromatin  involves  the  study  of  interactions  of  certain  small  molecules  with 
chromatin  segments.   We  have  previously  outlined  our  interests  in  the  binding 
of  T3  to  chromatin  and  the  reasons  which  make  this  interaction  of  particular 
interest.   Using  the  hydroxyapatite  assay  previously  described,  binding 
constants  and  stoichiometry  have  been  determined  for  the  interaction  of  T3  with 
chromatin  from  several  rat  tissues  and  for  rat  liver  at  different  ages.   The 
ionic  conditions  affecting  the  binding  have  been  studied  and  optimized  for 
stability  of  the  interaction.   The  highest  content  of  receptors  is  found  in 
rat  liver  chromatin,  as  is  the  greatest  affinity  for  receptor-T3  interaction. 
Several  other  tissues  bind  less  T3,  with  testis  having  the  lowest  content  of 
binding  sites.   For  all  tissues,  the  number  of  binding  sites  is  lower  than 
previously  reported  by  others,  and  the  stability  of  the  binding  is  higher  by 
5-50  fold.   A  second  method  of  assessment  of  the  binding  of  T3,  using  Sephacryl 
S-200  to  achieve  the  separation  of  bound  and  free  hormone,  gives  results  which 
corroborate  those  obtained  with  the  hydroxyapatite  assay. 

Digestion  of  chromatin  with  micrococcal  nuclease  to  produce  a  spectrum  of 
mono-  and  oligonucleosomes,  followed  by  sedimentation  of  the  digest  on  sucrose 
gradients  and  binding  of  T3  to  individual  fractions  across  the  gradient,  has 
been  employed  to  assess  the  localization  of  the  binding  species  within  the     A 
structure  of  chromatin.   Even  at  early  stages  of  digestion,  the  bulk  of  the  T3  W 
binding  recovered  in  the  gradient  sediments  at  about  6S,  slower  than  the  core 
particle  peak  (IIS) .   This  suggests  that  the  receptor  for  T3  in  chromatin 
requires  a  higher  level  of  chromatin  organization  than  tetranucleosomes  for 
binding  to  the  nucleoprotein  complex.   Alternatively,  the  receptor  could  be 
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associated   with  nucleosomes  which   have  an    extended   conformation   and    hence 
sediment    slower   than   compact    particles;    as   recently   shown   for   ribosomal  genes 
in   studies   carried    out    by  Allfrey's  group. 

In   addition    to    interactions  with  physicologic   small  molecules,    such  as  T3 , 
chromatin    is   exposed    to  xenobiotic   compounds.      We   have  chosen   to    study   the 
interactions   of    chromatin   particles   with  one  of    these,    the  ultimate  carcinogen, 
benzpyrene  diol    epoxide,    in  an   effort    to  understand    the  mechanism   of    inter- 
actions  of   molecules  which    irreversibly   alter  genetic    function  with  defined 
nucleoproteins.      BPDE   covalently  modifies   both  proteins  and   nucleic   acids. 
When    incubated   with  core  particles   from   HeLa    cells,    the   rate  of    incorporation 
of    BPDE    into  DNA  exceeds   that   of    all    other   components,    however,    both  histones 
and   nonhistones  are  also  modified.      Digestion   experiments  with   selected 
nucleases   confirm   the   results   of    others   that   BPDE  modification   leads    to  DNA 
regions    having    single-stranded    character. 

The  modification   of    histones   by   BPDE    is  discussed    in  another   report.      The 
nonhistones   are   extensively  modified   by   BPDE,    in    fact,    the   specific   activity 
(cpm   BPDE/gm   protein   or  DNA)    of   nonhistones   and   DNA  are  nearly   equal.      Among 
all    the  nonhistones  detected   as  modified   by  BPDE    in  HeLa   core   particles,    one 
is   of    particular    interest.      A  protein   of  molecular  weight    about    40,000    is 
modified    first    in   the   time   course  of    interaction   of    BPDE   with  particles,    even 
before  DNA.      The  protein    is   present    in    small   amounts   and    the  modification    is 
completed   rapidly,    even  while   other   proteins  and   DNA   continue   to   be  modified. 
Binding    to  DNA   is  not    required   for   preferential  modification   of    this   protein, 
its   structural    integrity    is;    the  modification    is   not    selective  when   performed 
in  denaturating   concentrations   of   urea.      Preliminary   observations    suggest    that 
other   carcinogens   compete  with  BPDE   for   the  modification   site   on   this   protein 
and   that    the   protein    is   absent   from  HTC    cells.      It    is    important    to   note   that 
HeLa   cells   have    inducible  aryl   hydrocarbon   hydroxylase,    while  HTC   cells  do  not. 
This   enzyme,    associated   with  microsomes,    modifies   polycyclic   aromatic    hydro- 
carbons  to   their  more  hydrophilic,    likely  more  carcinogenic,    hydroxy  and 
epoxide  derivatives.      The  protein  described    has   characteristics    expected    for   a 
chromatin   associated   molecule  which  might   function    in   control   of    the   induction 
of    the  microsomal  mixed    function   oxidase   system. 

Significance   to   Biomedical  Research  and    the  Program   of    the  Institute:      One 
of    the  most   direct   approaches   to  understanding    the  gross   basis    for    transcrip- 
tional  regulation  of    eukaryotic   cells    is    study   of    the   composition   and    structure 
of    portions   of    the  genome  which  are  active  as    transcriptional    tanplates   and 
comparison  with  properties   of    repressed    segments.      In    the   past   we   have  detailed 
the   properties   of    segments   of    chromatin  which  are  active  as    templates   for  RNA 
polymerase   in  vitvo  and   compared    them  with   inactive   chromatin.      During    the   past 
year  we  have   concentrated   on    the  development   of   a   series   of    probes  which  more 
accurately   reflect    the    in   situ    organization   of   metabolically   active   portions   of 
the  chromosome.      The  use   of    the  variety   of    probes,    coupled   with   the  various 
systems   that   we  are  utilizing    for   assay,    seems    likely   to   produce  additional 
significant    information  about    the   organization   of   biologically    interesting 
segments   of   chromatin.      Our   eventual   goal    is   description   of    the  mechanism  of 
transcriptional   regulation    in   animal    cells   -   the   features   responsible   for    the 
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stable  differentiated  state  of  a  normal  mature  cell.   Understanding  of  these 
features  will  facilitate  understanding  of  neoplastic  transformation  and  normal 
development  and  differentiation. 


% 


Proposed  Course:   Possible  roles  of  histone  modification  will  be  pursued, 
using  both  studies  of  acetylation  on  higher  order  chromatin  structure  and 
investigation  of  the  effects  of  phosphorylation  of  HI  on  structure  of  chromatin, 
at  several  levels  of  organization.   Hybridization  studies  will  be  pursued  to 
determine  if  the  suggestion  that  HI  is  associated  only  with  repressed  gene 
segments  is  true  for  several  gene  types,  including  single-copy  genes,  multiple 
copy  genes,  ribosomal  genes,  and  integrated  viral  genome  sequences.   The  bind- 
ing of  T3  to  chromatin  and  its  subunits  will  be  studied  to  define  the  possible 
presence  of  T3  binding  sites  on  higher  order  chromatin  segments  and  extended 
towards  isolation  of  the  protein  which  binds  T3  in  chromatin.   The  section  of 
this  project  related  to  carcinogen-chromatin  interactions  is  terminated  as  an 
NIH  project;  it  will  be  carried  on  by  Dr.  James  P.  Whitlock,  Jr.  at  Stanford 
University  School  of  Medicine. 
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Two   proteins,    barnase,    the   extracellular   ribonuclease   of    Bacillus 
amyloliquef aciens,    and   barstar,    its    intracellular    inhibitor,    are  being 
developed   as   a  model    system   for    the   study   of    protein    folding    and   Protein- 
protein    interactions.      Amino   acid    sequence  determination   and  X-ray 
structure   characterization   are  being    carried    out   along   with   thermodynamic 
studies   of    folding   reactions.      A  peptide   complementation   system   for   barnase 
has   been  developed   which  will   be  used    to    investigate   the   roles   of    specific 
residues    in   both  folding    and    enzymatic   activity. 
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Project  Description 

Objectives:      To   further   characterize   and    investigate   this   enzyme  and    its 
natural    inhibitor   by  physical,    chemical,    and   biological    techniques.      To  develop  ! 
methods   of    culture,    genetic  manipulation   and  genetic   analysis   so   that    the 
organism   and    its   product    enzyme- inhibitor   pair  may   be   applied   to   a   broad   study  >i 
of    structure,    function   and    synthesis.  li' 

Specific   objectives   are:    1)    the  determination   of    the  amino   acid    sequence       i 
and    three-dimensional    structure    (by  X-ray  diffraction)    of   both  proteins   and  i 

the   structure   of    their   complex;    2)    thermodynamic   and   kinetic   analysis   of  i 

structural    transitions   produced    in   both  proteins   by  heat   or   denaturing    reagents;], 
3)    analysis   of    the   folding   and   activity   of    both  by  means   of    peptide   complementa- 
tion   systems   analogous   to   those   being   used   for    the   study  of   pancreatic 
ribonuclease  and  micrococcal   nuclease;    4)    all   of    the   above  with  chemically 
and/or  genetically  modified    sequences. 

Methods   Employed:    B.    amyloliquef aciens    (strain  H  and   derivatives   and 
several   others)    are  grown    in    synthetic  media.      Barnase    is   adsorbed   from   the 
culture  medium   onto  phosphocellulose,    barstar    is   extracted   from   the  cells. 
Their  purifications  make  use  of    ion   exchange,    gel-permeation   and   affinity 
chromatography. 

Work  on  the  determination  of  amino-acid  sequences  involves  amino  acid 
analysis,  enzjmiatic  digestions,  peptide  separations  and  peptide  sequencing  by 
dansyl-Edman  and  dif f erence-Edman  techniques.  Peptide  separation  and  amino 
acid  analysis  are  by  automated  ion-exchange  chromatography  using  a  modified 
JEOL  analyzer  equipped  for  detection  with  Roth's  orthophthaldehyde  reagent. 
Dansyl  amino  acids  are  identified  by  thin-layer  chromatography  on  polyamide 
layers. 

The  reversible   transitions   undergone   by   barnase  and    barstar   and    their 
derivatives  under   the   influence  of    temperature   changes   or   denaturing   agents   are  ij 
studied   primarily   by  ultraviolet   and   fluorescence   spectroscopy,    but   also   by 
optical   rotatory  dispersion,    circular   dichroism,    exclusion   chromatography  with 
the  use   of    proteolytic   enzymes   and   by   equilibrium   binding    studies.      These 
techniques   are  also  used   to    study   complementation   reactions   between  natural   and 
synthetic   peptide   sequences   of    the   two   proteins   as  well   as   conformational 
properties   of    each  peptide  alone.      Studies   of    the   peptide  derivatives   also 
include  use   of    antibodies,    chromatography,    crystal  growth,    etc. 

Crystals   are  grown    in   hanging   drops    (10  pi)    suspended   over   suitable   sol- 
vents.     Isomorphous   crystals   containing    heavy  atoms   are  prepared   by   soaking 
crystals    in   solutions   of    appropriate   heavy  atom   compounds.      The   three  dimen- 
sional  structure  of    barnase    is   being   determined   by  methods   of   X-ray   crystal- 
lography. 


The  Merrifield_ procedure   has  been  used    to   synthesize  portions   of    the 
barnase   sequence. 


54 


i 


I  In 


Project   No.    ZOl   AM   15102-18      LNE 

Major   Findings:      The   iodination   of    barnase    ( in   a   crystalline   precipitate) 
by  KI-    appears    to   be   limited    to  diiodination   of   Tyr   17. 

Significance   to   Bio-Medical   Research  and    the   Program   of    the   Institute: 
The  small   size,    stability,    easily  measured    enzyme   activity   and   absence  of 
disulfide   bridges    in   barnase  make    it    an    excellent   choice   for   a   long-range 
study   of    the   relation   between   the   sequence   of    an   enzjmie  and    its    structure   and 
function.      The    inhibitor   is   an   even   simpler  protein   and    should   be  useful    in   a 
similar   fashion.      Together,    they   offer   a  model    system   for    the   study   of 
protein-protein    interaction. 

The  nature  and   extent   of    the   thermal    transition   of    barnase  gives    strong 
support    to    the   concept    that    the   three-dimensional    structure   of    a   protein  may 
be   completely   determined    by   its   amino   acid    sequence.      The   simplicity   and    all- 
or-none  nature   of    the  transition    should  make    it   useful    for    thermodynamic 
analysis   of    the  factors    involved    in  maintaining    a   folded   protein    structure. 
The   production   of   both   of    these  proteins   by   the   same   organism    is   also   of 
biological    interest. 

The   specific    iodination   of   a    single   barnase   residue  without    inactivation 
or   change   in   crystal  morphology  may   yield   a  good    heavy-atom    isomorphous 
replacement,    the   lack  of    which  has   held   up   the  X-ray   solution   of    the    structure. 

Proposed   Course   of    Project:      Collaboration  with   the  workers    in   London   and 
Cambridge  on    the  X-ray   structure  will   continue. 

Publications:      None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Simple   eukaryotic  DNAs   are  hydrolyzed   with  type  II   restriction   endonucleases 
and   the   fragments   characterized   by  various  methods. 
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Objectives:      To    isolate   specific    fragments   from    simple   eukaryotic   DNAs, 
labeled   or    in  amounts    sufficient   for    studies   of   their   structure  and   biological 
function.      Emphasis    is   placed    on    improvement   of    existing  methods   or   develop- 
ment  of   new  ones. 

Methods   Employed:      Phages,    bacteria   and   algae  were  grown  up    for    isolation 
of    their  nucleic   acids.      DNAs   were   hydrolyzed   with   restriction    enzymes    isolated 
in    the   lab   or   available   commercially,    and    the   products   characterized   by  various 
procedures.      Type   II   restriction    endonucleases   were   purified    from   the   cells   of 
different  microorganisms. 

Major   Findings:      We   set    out    to   prepare  a   library   of    type   II    restriction 
endonucleases    for   the  hydrolysis   of   DNAs    in   purified    form   or    in  more  native 
surroundings,    such  as    in  nuclei.      It    became  apparent    that    the   cost   of    the 
amounts   and    kinds   of    enzymes   required   was   prohibitive.      Attempts    to   repeat 
published   procedures    led    to   preparations   that   were  not  very   stable   and    of 
considerably   lower   activity   than   described.      Possibly   because   of    their   postu- 
lated   subunit    structure,    these   enzymes   are   known   for    this.      Their   activity    is 
readily   lost    especially  during    standard    concentration   procedures,    such  as    those 
following   nucleic   acid   removal    (Smith,    H.O.,    in  DNA  replication,     Wickner,    R.B., 
ed.,    Methods    in  Mol .    Biol.    Vol.    7,    p.    81). 

Examination   of   a   large  number   of    affinity-   and    other   adsorbents    led    to 
the  use   of    the  dye  Cibacron   Blue  F3GA    (the  dye    in   Blue   Sephadex)    covalently 
crosslinked   to   4%   agarose.      After   sonication   and    high-speed    centrifugation 
crude   extracts   of  various   bacteria   were  adsorbed   on    the  dye,    nucleic   acids 
removed   by  washing,    and    the   restriction    endonucleases   eluted  with   linear 
gradients   to   0.5  M  NaCl.      Enzymes    so   purified   were   free  of    contaminating   nucleic 
acids   and    sufficiently   concentrated    for  direct,    specific   DNA  hydrolysis. 
To  date,    the  procedure   has   yielded    Bam  HI,    Xho   I,    Bgl   I   and    II    (eluted 
together   from   the  dye),    Pal   I   and  Apo   I    from   crude  cells.      The  purified 
commercial   enzymes  Alu    I,    Bam  HI,    Xho   I   and   Hae   III   were   similarly   bound    on 
and    eluted    from   Cibacron   Blue.      The  purified   enzymes  were  not    eluted    from   the 
dye   by    serum  albumin  at    5  mg/ml,    by   calf    thymus  DNA  at    125   ug/ml,    for   Pal    I   by 
Hae   III   digests   of   Col   El  DNA   at    70   ug/ml,    or   by    the  much  higher   nucleic   acid 
concentrations   present    in   bacterial   lysates. 

Bam  HI   prepared   from   crude   cells   produced   DNA   fragments    that   were   readily 
ligated    (by  Dr.    Philip  Leder   and   coworkers),    attesting    to    the   purity   of    the 
restriction   enzyme.      The  Cibacron   Blue  procedure   thus   removes  not   only  nucleic 
acids   but    contaminating   nucleases   as   well   which  we   have  observed    in    the   high- 
speed   supernatants   derived    from   crude   extracts    of    Bam   HI,    Pal   I   and   Apo    I. 
Without  nucleic   acid   removal,    high-speed    supernatants   can  not   be   tested    for 
restriction   endonuclease  activity,    but    their   protein   contents   are   lowered 
about   30-fold   after   dye   chromatography.      The  dye  procedure    is   also    suited   as   a 
preliminary   step    for   the   rapid  determination   of    restriction    endonuclease 
activity    in    large  numbers   of    samples.      Significant    differences   between   the 
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growth  vs.  enzyme  activity  curves  for  Bam  HI  and  Pal  I  were  so  determined, 
indicating  that  this  parameter  should  be  routinely  evaluated  for  other  enzyme 
and/or  growth  conditions. 

While  we  did  not  plan  to  spend  much  time  on  restriction  enzymes  as  such, 
availability  of  what  we  believe  to  be  the  best  procedure  for  isolation  of  thei 
activities  suggested  several  experiments  not  directly  related  to  studies  on 
Eukaryotic  DNAs.   As  described  in  the  last  annual  report,  an  endonuclease  from 
Aspergillus  was  used  to  try  to  generate  double-stranded  DNA  oligomers  of  chain- 
lengths  10-20,  for  physical  studies  in  collaboration  with  Dr.  A.  Stein.   How- 
ever, the  DNase  produced  a  large  number  of  such  fragments,  fractionation  of 
which  to  narrow  size  ranges  was  not  achieved.   As  an  alternative.  Pal  I  was  used 
to  digest  Col  El  DNA,  with  the  goal  to  prepare  1  mg  of  the  43  bp  fragment  that 
makes  up  about  0.8%  of  the  DNA.   To  prepare  enough  Pal  I  to  hydrolyze  the  1.5  g 
of  DNA  was  no  problem,  but  prior  CsCl-Ethidium  Bromide  centrifugation  to  free 
that  amount  of  Col  El  DNA  from  chromosomal  DNA  proved  to  be  technically  unreal- 
listic.   Column  chromatography  on  RPC  5  and  other  adsorbents  showed  that  alter- 
native methods  were  not  sufficient  to  clean  up  the  Col  El  DNA;  43  bp  fragments 
so  isolated  were  significantly  contaminated  with  oligonucleotides  in  the  25- 
100  bp  range.   To  isolate  restriction  fragments  for  physical  studies  it  may  be 
preferable  to  use  larger  DNAs  that  can  be  isolated  from  viruses,  such  as  T  7  DNA 
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We  are  also  working    on   the  purification   of   restriction   enzymes   as   proteins,     ' 
specifically   on  Pal   I   and   Apo   I   because   these  were  found    in   higher   concentra-  | 

tions   than   those  of    other   enzymes.      The   blue  dye  procedure  was   combined   with 
heparin-agarose  affinity   chromatography  and   gel    filtration,    yielding  more 
purified   preparations   as  determined    by   SDS-polyacrylamide  gel    electrophoresis. 
This   project    is  not   completed. 


As  a  preliminary   test,    Euglena  main   band   DNA  was   hydrolyzed   with   each  of 
the  restriction   endonucleases   purified.        No   fragments   of   repetitive  DNA  with 
sequences   corresponding    to   the   enzyme   specificities   were   observed    in   the  form 
of   distinct    bands  upon  agarose  gel    electrophoresis.      This   project   awaits    the 
preparation   of    biological   probes    (see  below) . 

Significance   to   Biomedical   Research  and    the  Program   of    the   Institute:      The 
dye  procedure   facilitates   the  purification   of    restriction   endonuclease  activ- 
ities,   preparative   scale-hydrolysis   of   DNA.   to    specific    fragments,    and    studies 
on   their   fractionation. 

Proposed   Course:      The  goal    involves    the  understanding    of    the  arrangement 
and    transcription   of    eukaryotic   genomes.      To   aid    the   characterization   of 
specific  DNA  fragments,    the  preparation   of    two   kinds   of   biological   probes   from 
Euglena    is   planned,    that   of    chloroplast    tRNAs   for   hybridization   to   chloroplast 
DNA,    and   that   of   mRNAs   for   Calvin   cycle   enzymes   that   are  under  nuclear   control, 
such  as   the  TPN-requiring   glyceraldehyde  3-P   dehydrogenase. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  developmental    transition   of    the  moss   gametophyte  from   filamentous 
proton ema   to   leafy  gametophor e   is   being   developed   as   a  model   for   eukaryotic 
systems    in  which  large  blocks   of   genes   are   switched   on   or   off.      The 
transition    (in  Nanomitrium   austinii)    may  be    induced    by   cytokinins   or,    under 
certain   conditions   and   reversibly,    by   changes    in   temperature. 
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Objectives;      In   their   development,   mosses   pass    through   two  distinct 
generations,    represented   by   the   haploid   gamephyte  and    the   diploid    sporophyte. 
The   haploid   generation    is   further   divided    into   at    least    two   distinct  morpho- 
logical  stages,    the  mature  "leafy"   gametophore  being    preceded   by   the  purely 
filamentous   protonema.      The   transition   between   these    two   forms  may,    in   some 
cases,    be   controlled    by  temperature  or   by   plant   growth   substances   of    the 
cytokinin    (6-N    substituted   aminopurine)    type.      The   current   objective   is    to 
bring    into   aseptic   culture  one  or    several  moss    species   and    study   this  discrete 
transition   as   an    instance  of    coordinated   gene-switching    in   a   typical   eukaryote. 

Methods   Employed:      Aseptic   cultures   are  obtained   by   spreading    the   contents 
of    surface-sterilized    spore  capsules   onto    suitable   agar  media.      Culture 
thereafter    is   largely   by   standard  microbiological    techniques. 

Protonemal    tissue    is   obtained   by  growing    it    on   a    semipermeable  membrane 
(overlying   agar)    from  which    it    can   be   scraped,    or   by  deep    liquid    culture    in 
volumes  up    to   10  L.      Large  numbers   of    individuals   are  obtained   by   chopping   up 
protonemal    tissue    in   a  Waring   blender.      Protonemal    fragments   are  mutagenized 
with  MNNG   and   a  variety  of   mutant    searching    techniques   carried    out. 

Protoplasts    (osmotically   fragile   cells    lacking   any   cell   well)    are 
obtained   by   treatment   with  a   commercial   cellulase  preparation    (Driselase) 
obtained   from   the   basidiomycete  Irpex   lacteus. 

Major  Findings:      Viable   protoplasts   have   been   obtained,    each    (>80%)    of 
which   can,    under   appropriate   conditions,    give  rise   to   a  new  plant.      Production 
of    protoplasts   has   also   provided   a  gentle   technique   for    obtaining    intact 
subcellular   organelles   such  as  nuclei  and    chloroplasts. 

Mutagenesis,    selection  and    search  have  yielded   a   few  morphological   and 
drug   resistant  mutants.      Auxotroph   selection,    using    the   photodynamic    inhibitors 
sodium  arsenate  and  methyl  viologen,    has   not   provided    the   hoped-for    concentra- 
tion  of    auxotrophs,    although  arsenate  does   appear    to   be   selectively   toxic   for 
actively  photosynthesizing    cells   of   N.    austinii. 

A  number   of    compounds,    such  as   3 ',5 '-cyclic  AMP   and    other   nucleotides, 
caffeine  and    other   phosphodiesterase    inhibitors   which  have   been   reported    to 
affect    the   protonema-gametophore   transition    in  mosses,    have  been   tested   on 
N.    austinii.      So   far   only  the  N   -substituted   adenines    (cytokinins)    have   had 
any   effect. 

Significance   to   Biomedical   Research   and    the  Program   of    the   Institute: 
The  moss   protonema-gametophore   transition   offers   a   convenient    systan    for 
approaching    the  general   problem   of    gene   control    in   eukoryotes,    particularly 
in   the  developmental   aspect   where   large   sections   of    the  genome   are   turned    on 
or   off. 

Proposed    Course   of   Project:      Development   of   genetic   background    informa- 
tion with  which   to   study  developmental  mutations   and    the    search  for   such 
mutations   will   continue.      The  use  of   protoplast    fusion  will   be    investigated   as 
a   supplement    to   conventional   genetic    techniques. 
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Identification  and    isolation   of    proteins  unique   to    the  particular  develop- 
mental   states  will   be  attempted. 

The  biochemical   fate  of    the   effective   cytokinins  will   be   investigated, 
including   a   search  for   specific   receptors. 

Publications:      None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  binding  of  methotrexate,  one  of  the  most  widely  used  and  effective  anti- 
cancer chemotherapeutic  agents,  to  its  target  site  liver  dihydrofolate  reductase 
was  studied  by  measuring  the  heats  of  binding.  The  enthalpy  of  methotrexate- 
enzyme  interaction  demonstrates  that  a  proton  transfer  occurs  upon  binding  whereais 
this  is  not  the  case  with  the  binding  of  the  natural  vitamin  cof actors,  folic  acl,d 
or  dihydrofolic  acid.  This  finding  confirms  the  speculations  derived  from  quantum 
mechanical  calculations  and  the  conclusions  drawn  from  the  difference  spectra 
characteristic  of  methotrexate  interaction  with  dihydrofolate  reductase.  In  ad- 
dition, the  thermodynamic  parameters  characterizing  the  tight  binding  of  metho- 
trexate, folates  and  pyridine  nucleotides  to  chicken  liver  dihydrofolate  reductase 
have  been  determined.  The  binding  of  cosubstrates  NADPH  and  NAD?  is  characterizied 
by  small  negative  enthalpies  and  large  positive  entropies  while  the  binding  of 
the  folates  as  well  as  methotrexate  is  accompanied  by  large  negative  enthalpies 
and  small  negative  entropies.  These  results  suggest  that  the  binding  of  the  py- 
ridine nucleotide  cofactors  is  quite  different  from  that  of  the  binding  of  the 
folates  in  terms  of  the  interactions  at  the  active  site  of  the  protein. 
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Objectives:   The  binding  of  drugs,  substrates  and  cof actors  to  dihydro- 
folate  reductase  continues  to  be  of  considerable  pharmacological  and  biochemi- 
cal interest  since  this  enzyme  appears  to  be  the  site  of  activity  of  the  power^ 
ful  chemotherapeutic  agent,  methotrexate.   This  enzyme  which  is  concerned  with 
the  conversion  of  the  essential  vitamin,  folic  acid,  to  the  biologically  activi 
cofactor,  tetrahydrofolate,  also  has  a  central  role  in  cellular  proliferation. 
For  this  reason  we  have  continued  to  study  the  isolation  and  purification  of 
dihydrofolate  reductase  from  animal  liver.   Although  the  enzymes  from  two  ver- 
tebrate livers,  beef  and  chicken,  have  been  purified  to  apparent  homogeneity, 
many  problems  concerning  the  completeness  of  the  purification  and  the  structure 
and  function  of  the  enzyme  remain  to  be  considered.   Using  these  highly  puri- 
fied proteins,  binding  studies  were  extended  to  include  the  enthalpies  of  inter- 
action since  determination  of  the  apparent  thermodynamic  parameters  associated 
with  the  binding  process  might  shed  some  light  on  the  nature  of  both  enzyme- 
methotrexate  and  enzyme-substrate  interactions. 

Methods  Employed:   Affinity  chromatography,  using  a  chromatographic  system 
based  on  the  drug  methotrexate  coupled  to  sepharose,  has  been  used  to  obtain 
dihydrofolate  reductase  from  liver  extracts.   Further  purification  required 
the  use  of  isoelectric  focusing  to  remove  several  uni  lown  peaks  of  activity. 
Additional  methods  of  chemical,  enzymatic,  and  physical  analysis  involved 
spectrophotometry,  fluorescence  spectroscopy,  and  microcalorimetry. 


Major  Findings:   The  binding  of  the  anti-folate  drugs  such  as  methotrexat 
to  dihydrofolate  reductase  (4-amino-lO-methyl  folic  acid)  are  of  particular 
interest  since  the  inhibitory  properties  are  basically  a  consequence  of  the 
replacement  of  a  4-hydroxyl  group  of  the  vitamin,  folic  acid,  by  an  amino 
group.   Theoretical  explanations  for  this  increased  affinity  are  based  on  the 
altered  basicity  of  the  4-amino  analogs,  most  probably,  involving  the  N-1 
position  of  the  pteridine  ring.   The  binding  of  the  folates  and  methotrexate 
to  dihydrofolate  reductase  generate  a  complex  UV  difference  spectrum  character- 
istic of  the  particular  ligand.   In  the  case  of  methotrexate  binding,  the 
ligand-enzyme  difference  spectrum  is  almost  identical  to  that  observed  when 
free  methotrexate  at  pH  7.4  is  compared  with  free  methotrexate  at  pH  1.75. 
This  remarkable  correspondence  is  not  observed  with  the  binding  of  folate  or 
dihydrofolate  to  the  enzyme  as  compared  with  pH  difference  spectra,  regardless 
of  pH.   These  results  are  interpreted  to  indicate  that  when  methotrexate  binds 
to  the  enzyme,  a  specific  protonation  of  the  drug  occurs  which  does  not  occur 
when  the  normal  substrates  bind. 

In  order  to  detect  and  measure  directly  any  proton  release  or  uptake 
attending  the  binding  of  folate  and  dihydrofolate  versus  methotrexate,  the 
enthalpies  of  interaction  were  examined  calorimetrically  in  the  presence  of 
buffers  which  have  very  different  heats  of  protonation,  i.e.   tris  versus 
phosphate.   Thus  any  differences  in  heats  observed  can  be  attributed  to  proton 
release  or  uptake  for  the  process  under  consideration;  the  enthalpies  of  bind- 
ing of  the  folate  and  dihydrofolate  to  the  enzyme  are  almost  identical  in 
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both  buffers  whereas  the  calorimetric  signals  observed  upon  the  formation  of 
the  same  amount  of  enzyme-methotrexate  complex  in  phosphate  and  tris  buffers 
are  drastically  different.   The  difference  of  10.4  kcal  mol"-'-  is  almost  exactly 
equivalent  to  the  transfer  of  one  proton  from  the  buffer  to  the  ligand  in  the 
binding  process.   Thus,  these  measurements  constitute  an  unequivocal  validation 
of  the  previous  hypothesis  that  methotrexate  binds  to  the  enzyme  in  the  cat- 
ionic  state  while  the  folates,  folate  and  dihydrofolate,  bind  in  the  neutral 
state.   In  addition,  the  thermodynamic  parameters,  AG,  AH,  and  AS,  character- 
istic of  the  tight  binding  of  folates,  pyridine  nucleotides  and  methotrexate 
to  chicken  liver  dihydrofolate  reductase  have  been  also  determined  from  a 
combination  of  calorimetric  and  fluorescence  measurements.   The  binding  of 
NADPH  and  NADP   is  characterized  by  small  negative  enthalpies  and  large  posi- 
tive entropies  while  the  binding  of  the  folates  and  methotrexate  is  accompanied 
by  large  negative  enthalpies  and  small  negative  entropies.   Thus  it  is  con- 
cluded that  the  binding  (reactions)  of  folates  and  methotrexate  to  the  enzyme 
are  enthalpy-driven-entropy-compensated  while  the  binding  reactions  of  NADP 
and  NADPH  are  entropy-driven-enthalpy-assisted  processes.   These  thermodynamic 
studies  suggest  that  the  mechanism  of  folate  binding  is  quite  different  from 
that  of  pyridine  nucleotide  binding.   In  conjunction  with  other  data  (NMR)  it 
is  suggested  that  NADPH  and  NADP  binding  is  associated  with  a  significant 
conformational  change  in  the  enzyme  whereas  little  or  no  change  occurs  on 
folate  binding. 

Chicken  liver  dihydrofolate  reductase  has  been  crystallized  and  is  cur- 
rently undergoing  X-ray  analysis.   Approximately  75%  of  the  amino  acid  sequence 
has  been  determined  to  date. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
Dihydrofolate  reductase  is  not  only  a  key  enzyme  in  the  metabolism  of  folic 
acid,  it  is  also  of  major  importance  in  the  synthesis  of  DNA  via  the  biosyn- 
thesis of  tbymidylate.  Thus  an  inhibition  of  dihydrofolate  reductase  causes  a 
depletion  of  tetrahydrofolate  leading  in  turn  to  a  dificiency  in  thymidylate. 
Such  a  deficiency  can  lead  to  a  cessation  of  growth  in  rapidly  proliferating 
cells  such  as  tumor  cells.   Since  a  variety  of  dihydrofolate   reductase  in- 
hibitors are  clinically  useful  as  antibacterials ,  anti  protozoals,  immuno- 
suppressants and  antinewplastic  agents,  an  understanding  of  the  structure  and 
function  of  this  enzyme  would  be  of  basic  importance  in  both  normal  metabolism 
and  clinical  medicine.   As  yet,  many  of  these  basic  questions  remain  to  be 
answered. 

Proposed  Course  of  Project:   Now  that  the  basic  properties  of  the  homo- 
geneous protein  are  known  for  both  the  beef  and  chicken  dihydrofolate  reduc- 
tases, studies  will  continue  to  be  directed  toward  the  investigation  of  the 
interaction  of  the  componants  of  the  reaction  with  the  enzyme  protein.   In 
addition,  studies  will  continue  as  to  the  role  of  the  various  functional 
groups  of  the  protein  in  the  binding  and  enzymatic  activity.   In  collaboration 
with  several  other  groups  of  investigators,  attempts  will  be  made  to  determine 
the  amino  acid  sequence  and  crystal  structure  of  these  animal  dihydrofolate 
reductases. 
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Project  Description: 


Objectives  -  To  determine  the  nutritional,  biochemical  and  physiological 
role  of  essential  nutrients  for  experimental  animals.   To  define  the  meta- 
bolic function  of  certain  nutrients  and  to  study  nutritional  effects  on  the 
tissue  levels  of  various  metabolites. 

Methods  Employed  -  Rats,  hamsters  and  guinea  pigs  are  fed  specially 
prepared,  highly  purified  diets  that  contain  adequate  amounts  of  each  nutrient  , 
known  to  be  required  by  the  particular  species.   The  effects  of  specific       I 
deficiencies  and  imbalances  are  assessed  by  measurement  of  physiological,      ' 
chemical  and  enzymological  changes  in  the  animal,  its  tissues  and  excreta. 

Major  Findings  -  Further  work  on  the  a-tocopherol  binding  protein  in  rat 
liver,  found  previously  in  this  laboratory,  explored  the  possible  involvement 
of  the  trace  element,  selenium.   The  rationale  was  the  well-known  nutritional 
interaction  of  vitamin  E  and  selenium.   Young  rats  were  severely  depleted  of 
both  a-tocopherol  and  selenium  by  nutritional  means  until  some  began  dying 
from  the  classic  liver  necrosis  produced  by  this  double  deficiency.   At  this 
time,  remaining  rats, together  with  control  animals  fed  selenium,  were  sacri- 
ficed and  their  livers  analyzed  for  the  tocopherol  binding  protein.   There     ; 
was  no  difference  in  the   content  or  activity  of  the  binding  protein  in        i 
selenium  adequate  or  deficient  rat  livers.  ' 

Continuing  studies  on  vitamin  E  metabolism  have  focused  on  clarifying 
the  effect  of  dietary  polyunsaturated  fatty  acids  on  the  vitamin  E  requirement 
of  animals.   Young  rats  depleted  of  vitamin  E  were  fed  purified  diets  varying 
only  in  their  content  of  linoleic  acid  (3,  6  or  9%)  and  with  the  same  a-toco- 
pherol content.   After  eight  weeks  the  animals  were  sacrificed  and  liver, 
heart,  lung,  muscle  and  adipose  tissue  analyzed  for  individual  fatty  acids 
and  also  a-tocopherol.   In  four  experiments  it  was  found  that  increased 
amounts  of  dietary  linoleic  acid  had  no  effect  on  the  a-tocopherol  content  of 
liver,  muscle  and  adipose  tissue,  and  produced  only  a  small  decrease  in  the 
a-tocopherol  content  of  heart  and  lung.   The  polyunsaturated  fatty  acids  in 
all  tissues  increased  as  dietary  linoleic  acid  increased.   Calculation  of  the 
ratio  of  a-tocopherol :polyunsatured  fatty  acids  indicated  that  there  was  a 
greater  decrease  in  the  ratio  with  the  first  increment  of  dietary  unsaturated 
fat  than  for  the  second  increment.   It  was  concluded  that  the  unfavorable 
effect  of  dietary  polyunsaturated  fat  on  vitamin  E  status  was  due  primarily  to 
the  increase  in  tissue  fatty  acid  unsaturation  and  not  to  a-tocopherol 
destruction. 
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.„,,/^^  ability  of  rat  liver  and  intestine  to  synthesize  the  individual  consti- 
tuent apoproteins  of  plasma  lipoproteins  was  determined.   A  different  pattern  of 
synthesis  was  observed  for  each  organ,  studied  individually  by  perfusion  tech- 
nxques  under  physiological  conditions.   Isolated,  perfused  livers  synthesized 
ZT.^A  ^^SX^^^e-rlch   protein  (ARP),  apolipoprotein  B  (apoB)  and  the  apoC 

peptides.   To  study  intestinal  synthesis,  an  in  situ  lejunal  segment  preparatio 
with  intact  arterial  supply  and  totally  collecteTT^^h^^vil^f^irdrtrfff;^' 
developed.   Intestine  synthesized,  in  addition  to  apoB ,  mostly  apoA-I  and  apoA-I^^ 

lit  tTti  "^/"^  ""'  "P°'-  ^°^^'  ^"^  ^°'  ^11'  °f  ^he  intestinal  products  '1 
reached  the  blood  by  way  of  mesenteric  lymph.  Double-label  experiments,  in  wMcri 
plasma  proteins  derived  from  liver  and  intestine  were  differentially  labeled  In  i 
Zivo,_have  confirmed  in  the  intact  animal  the  important  role  of  the  small  int^- I 
tme  in  providing  two  of  the  circulating  apolipoproteins-anoA-I  and  apoA-IV. 
In  other  studies,  also  with  the  auto-perfused  intestinal  preparation  in  situ 
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the  metabolic  utilization  of  glucose  by  intestine  during  glucose  transport 
from  lumen  to  blood  under  typical  meal-eating  conditions  was  found  to  be  very 
small,  less  than  3%  of  the  total  being  transported,  in  contrast  to  earlier 
results  from  other  laboratories  obtained  under  less  physiological  conditions. 

Ob-jectives :  To  increase  our  understanding  of  the  biochemical  transforma- 
tions occurring  in  the  liver  and  small  intestine.   To  define  the  nutritional 
requirements  of  these  organs,  to  study  the  effects  of  hormones  and 
nutritional  variables,  and  to  study  the  physiological  relationship  of  these 
organs  to  other  tissues  in  the  body. 

Methods  employed:   Surgical  and  biochemical  techniques  are  used. 
Biochemical  determinations  are  made  on  rat  livers  and  preparations  of  small 
intestine  vascularly  perfused  with  blood  under  physiological  conditions.   Also 
used  are  rats  surgically  prepared  with  indwelling  lymph  or  bile  cannulae  as 
well  as  a  supra-diaphragmetic  rat  preparation.   The  metabolic  and  transport 
activity  of  the  organs  is  assessed  by  the  use  of  radioactive  isotopes  and 
measurements  of  tissue  and  blood  enzyme  and  metabolite  concentrations.   Tissue 
enzymes  are  localized  and  characterized. 

Major  Findings:   Exploiting  recent  methodological  advances,  studies  were 
undertaken  to  further  elucidate  the  role  of  the  liver  and  the  intestine  in 
the  production  of  the  plasma  lipoproteins.   Circulating  lipoproteins  are  high- 
molecular  weight  complexes  that  serve  as  transport  vehicles  for  various  lipids 
(sterols,  triacylglycerols,  phospholipids,  fat-soluble  vitamins)  among  the 
body  tissues.   Elevated  concentrations  of  certain  plasma  lipoproteins  and 
depressed  levels  of  others  are  associated  with  the  abnormal  deposition  of 
lipids  in  arterial  endothelial  cells  (arteriosclerosis) .   We  still  know 
relatively  few  details  regarding  lipoprotein  structure,  synthesis,  and  meta- 
bolism, owing  largely  to  the  complex  nature  of  these  very  large  and  heteroge- 
nous particles.   Among  the  important  components  of  rat  plasma  lipoproteins  are 
at  least  9  different  polypeptides  or  apolipoproteins ,  analogous  in  many 
respects  to  the  polypeptides  of  human  plasma  lipoproteins.   Physiological 
functions  have  been  identified  or  deduced  for  some  of  these  apolipoproteins — 
in  the  assembly  or  transcellular  transport  of  the  complexes  and  in  their 
metabolism  in  plasma  and  various  body  tissues.   The  physiological  importance 
of  other  of  the  proteins  remains  obscure. 

The  liver  and  intestine  have  been  identified  as  the  two  sources  of  plasma 
lipoproteins,  but  the  individual  apolipoproteins  synthesized  by  each  tissue 
and  the  quantitative  contribution  of  each  tissue  to  the  total  circulating 
plasma  are  largely  unknown. 

Our  first  approach  was  to  study  apolipoprotein  synthesis  by  the  individual 
organs  of  the  rat.   Isolated  livers  were  perfused  with  blood  containing  [-^H]- 
leucine  under  physiological  conditions.   Labeled  perfusate  lipoproteins  were 
isolated  by  ultracentrifugation  and,  following  delipidation,  the  constituent 
labeled  apoproteins  were  separated  by  polyacrylamide  gel  electrophoresis  and 
by  isoelectric  focusing.   To  study  intestinal  synthesis,  labeled  apoproteins 
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were  isolated  and  quantitated  in  mesenteric  lymph  and  in  plasma  collected  from 
an  animal  preparation  in  which  exposure  to  [^H] leucine  was  restricted  to  the 
mucosal  epithelial  cells  of  a  fat-transporting  small  intestinal  segment  in 
vivo.   In  this  preparation,  newly  developed  in  our  laboratory,  the  [  H]leucine 
was  administered  into  the  lumen  of  a  segment  of  jejunum  in  situ  from  which  all 
venous  and  blood  and  lymph  were  diverted.   Thus,  exposure  to  the  label  was 
restricted  exclusively  to  the  intestine,  allowing  labeled  apoproteins  of 
mesenteric  lymph  and  blood  to  be  unequivocally  identified  as  products  of 
intestinal  synthesis. 

Of  the  [H] leucine  incorporated  into  lipoproteins  by  liver,  44%  was 
incorporated  into  the  arginine-rich  protein  (ARP) ,  23%  into  apolipoprotein  B 
(apoB) ,  21%  into  the  four  major  apoC  peptides,  9%  into  apoA-I  and  3%  into 
apoA-IV.   This  distribution  was  invariant  whether  the  rats  were  fed  standard 
laboratory  chow  or  a  semi-synthetic  diet  containing  50%  sucrose. 

The  intestinal  preparation,  during  fat  transport  and  after  luminal 
[H] leucine  administration,  released  labeled  chylomicrons  and  very  low 
density  lipoproteins  only  into  the  lymph  but  high  density  lipoproteins  into 
both  lymph  and  plasma.   The  lymph  apolipoproteins,  not  previously  character- 
ized, were  identified  on  the  basis  of  molecular  weight,  determined  by 
electrophoresis  on  polyacrylamide  gels  containing  0.1%  sodium  dodecyl  sulfate, 
and  by  amino  acid  composition.   Of  the  H  incorporated  into  individual 
apoproteins  by  intestine,  50%  was  recovered  in  apoA-I,  25%  in  apoB,  21%  in 
apoA-IV  and  4%  in  apoC,  nearly  all  in  apoC-II  and  apoC-III-0.   Only  traces  of 
-^H  were  associated  with  ARP  and  apoC-III-3.   Labeled  apoB  was  found  in 
chylomicrons  and  very  low  density  lipoproteins  and  labeled  apoA-I  and  apoA-IV 
in  all  lipoproteins.   Evidence  was  also  found  for  substantial  amounts  of 
labeled  apoA-IV  in  the  lymph  proteins  of  density  >1.21  g/ml,  apparently 
unassociated  with  lipid.   Thus,  the  patterns  of  apolipoprotein  synthesis  by 
liver  and  intestine  were  found  to  be  distinctly  different.   Liver  released 
mainly  apoB,  ARP,  and  apoC  peptides  while  intestine  producted  apoB,  apoA-I 
and  apoA-IV. 

Preliminary  experiments  have  been  carried  out  in  intact  animals  which 
confirm  the  characteristic  role  of  each  tissue.   In  a  newly-developed  model, 
plasma  apolipoproteins  derived  from  liver  and  those  from  intestine  were 
differentially  labeled  by  simultaneously  administering  [-'H] leucine  intra- 
liminally  into  the  intestine  and  [  "^C]  leucine  intravenously  into  the  portal 
vein  of  unanesthetized  rats,  some  with  mesenteric  lymph  fistulae.   In  this 
way,  proteins  made  by  intestine  will  have  a  higher  -^H/l^C  ratio  than  those 
made  by  liver.   By  comparing  the  -^Ef-^^C   ratio  of  individual  plasma  and  lymph 
apolipoproteins  and  plasma  albumin,  a  reference  protein  made  only  in  liver, 
the  relative  contribution  of  intestine  to  each  apoprotein  was  estimated. 
Such  studies  have  confirmed  the  relative  importance  of  the  intestine  in  the 
biosynthesis  of  two  of  the  apolipoproteins — apoA-I  and  apoA-IV. 

In  other  studies,  we  continued  efforts  to  identify  the  metabolic  fuels 
used  by  the  small  intestine,  in  particular  to  evaluate  the  role  of  glucose, 
assumed  generally  to  be  the  major  fuel.   Earlier  work,  using  the  jejunal 
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segment  preparation  ^il  situ  described  above,  showed  that  in  the  postabsorptive 
state,  glutamine  and  ketone  bodies  and  not  glucose  are  the  major  respiratory 
fuels.   Using  the  same  preparation,  we  have  now  examined  the  extent  of 
intestinal  glucose  metabolism  during  its  transport  from  lumen  to  blood  under 
conditions  simulating  the  absorption  of  a  high-carbohydrate  meal.   Again,  the 
metabolic  utilization  of  glucose  by  the  intestine  was  found  to  be  small,  less 
than  3%  of  the  total  absorbed.   Evidence  suggests  that  the  much  higher  rates 
of  intestinal  glycolysis  observed  by  others  in  earlier  investigations  may 
have  been  due  to  the  non-physiological  conditions  (relative  anoxia)  of  their 
experiments.   The  assumed  primacy  of  glucose  as  an  energy-yielding  substrate 
for  intestine  apparently  needs  to  be  reconsidered. 

Significance  to  biomedical  research  and  the  program  of  the  Institute: 
These  studies  add  to  our  basic  knowledge  of  hepatic  and  intestinal  function; 
in  particular,  they  help  define  the  roles  of  these  organs  in  the  biogenesis 
of  circulating  lipoproteins.   They  identify  the  tissue  of  origin  of  important 
lipoprotein  components  and  help  to  clarify  the  complex  process  by  which  the 
lipoproteins  of  plasma  are  assembled.   In  addition,  they  provide  the 
methodology  and  basic  information  needed  for  subsequent  analyses  of  hepatic 
and  intestinal  function  under  altered  or  pathological  conditions. 

Proposed  Course:   To  refine  our  estimates  for  the  liver  and  intestinal 
contribution  to  each  apolipoprotein;  to  examine  the  influence  of  several 
dietary  and  physiological  variables  on  the  relative  organ  contribution  of  each 
apoprotein;  to  gain  further  insight  into  the  energy  metabolism  of  intestine 
during  nutrient  transport  and  into  the  factors  that  regulate  glycolysis  in  the 
intestine,  exploiting  the  auto-perfused  intestinal  segment  preparation  ^  sita 

Publications: 

Pinkus,  L.  M.  and  Windmueller,  H.  G. :   Phosphate-dependent  glutaminase  of  small 
intestine:   Localization  and  role  in  intestinal  glutamine  metabolism.   Arch. 
Biochem.  Biophys.  182:  506-517,  1977. 

Windmueller,  H.  G.  and  Spaeth,  A.  E. :   Identification  of  ketone  bodies  and 
glutamine  as  the  major  respiratory  fuels  in  vivo  for  postabsorptive  rat  small 
intestine.   J.  Biol.  Chem.  253:  69-76,  1978. 

Wu,  A.  and  Windmueller,  H.  G. :   Identification  of  circulating  apolipoproteins 
synthesized  by  rat  small  intestine  jji  vivo.   J.  Biol.  Chem.  253:  2525-2528, 
1978. 
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Project  No.  Z01-AM-15400-04-LNE 
Project  Description: 
Objectives 

To  determine  the  influence  of  hormones,  lipoprotein  lipase  and 
other  factors  on  the  metabolism  of  lipid  in  liver,  adipose  tissue,  mam- 
mary gland,  crop  sac  and  other  tissues.   To  determine  how  hormones 
regulate  lipoprotein  lipase  activity  in  tissues.  To  develop  a  culture 
system  for  mammary  and  adipose  cells  that  supports  differentiation  of 
functions  in  response  to  hormones  in  vitro. 

Methods  Employed 

Animals  are  deprived  of  one  or  several  endocrine  glands  and 
treated  with  hormones  or  other  substances.   Effects  of  the  above  on  li- 
pid metabolism  and  lipoprotein  lipase  activity  in  different  tissues  are 
determined  with  in  vivo  and  in  vitro  studies  using  conventional  and 
radioisotopic  techniques.   Effects  of  hormones  added  in  vitro  are  also 
studied.   Cells  isolated  from  mammary,  adipose  and  other  tissues  are 
grown  in  culture  and  used  for  study  of  mechanism  of  action  of  hormones. 

Major  Findings 

Mechanism  of  hormonal  regulation  of  lipoprotein  lipase  activity  in 
adipocytes:   During  the  past  year,  we  have  used  3T3-L1  cells  for  studying 
hormonal  regulation  of  lipoprotein  lipase.  These  cells,  originally 
cloned  by  H  Green  and  coworkers,  differentiate  in  culture  from  fibroblasts 
to  adipocytes.   Lipoprotein  lipase  activity  was  very  low  in  replicating 
nonconfluent  cells,  increased  slightly  when  cells  became  confluent,  and 
then  increased  continuously  during  the  next  16  days  to  180  mU/plate.   Tri- 
acylglycerol  content  increased  slowly  between  day  2  and  day  8,  and  then 
increased  slightly  faster  during  the  next  8  days  to  200  nmol/plate. 

Treatment  of  confluent  3T3-L1  cells  with  prostaglandin  F2a  increased 
lipoprotein  lipase  activity  to  a  maximum  of  420  mU/plate  in  8  days,  but 
had  little  effect  on  triacylglycerol  accumulation.  Treatment  with  1- 
methyl-3-isobutylxanthine  (MelX)  increased  lipoprotein  lipase  activity  of 
confluent  cells  to  a  maximum  of  340  mU/plate  on  day  8,  and  increased  tri- 
acylglycerol accumulation,  starting  after  day  4,  to  1,300  nmol/plate  on 
day  16.   Prolactin  increased  lipoprotein  lipase  activity  to  540  mU/plate 
and  triacylglycerol  content  to  630  nmol/plate  in  16  days.   The  effect  on 
lipase  activity  was  apparent  on  day  2,  whereas  the  effect  on  lipid 
content  was  seen  only  after  day  8. 

Insulin,  also  begun  when  5T3-L1  cells  became  confluent,  produced  the 
largest  increases  in  both  lipoprotein  lipase  activity  and  triacylglycerol 
content.  The  effect  on  lipase  activity  was  apparent  on  day  2  and  maximal 
on  day  8  at  780  mU/plate,  whereas  the  effect  on  lipid  content  occurred 
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mostly  after  day  8,  increasing  triacylglycerol  content  to  2,650 
nmol/plate  on  day  16.   Bromodeoxyuridine  treatment  begun  5  days  before 
confluence  prevented  development  of  lipoprotein  lipase  and  accumulation 
of  triacylglycerol  in  both  untreated  and  insulin-treated  cells,  pre- 
sumably by  inhibiting  differentiation  at  the  genomic  level.  The 
properties  of  the  lipolytic  activity  present  in  extracts  of  insulin- 
treated  and  untreated  adipocytes  resembled  closely  that  of  lipoprotein 
lipase  isolated  from  adipose  and  other  tissues. 

Triacylglycerol  content  of  differentiated  3T3-L1  cells  increased 
from  9  to  50  pmol/mg  DNA,  whereas  lipoprotein  lipase  activity  was  un- 
changed, when  triacylglycerol  content  of  the  culture  medium  was  increased 
from  0  to  1.0  uM.   Incubation  of  mature  adipocytes  with  doubly  labeled 
triacylglycerol  particles  showed  that  cells  with  a  high  level  of  lipo- 
protein lipase  activity  can  incorporate  significant  amounts  of  fatty  acid 
from  exogenous  triacylglycerol  into  cellular  triacylglycerol. 

The  above  findings  indicate  that  lipoprotein  lipase  activity  in  dif- 
ferentiating 3T3-L1  cells  is  increased  by  hormones  and  other  agents  that 
enhance  their  conversion  to  adipocytes.   Also,  development  of  lipoprotein 
lipase  activity  preceeds  by  nearly  a  week  the  development  of  fatty  acid 
synthesizing  enzymes  in  developing  preadipocytes .   It  is  evident  from 
this  and  other  studies  that  lipoprotein  lipase  plays  a  major  controlling 
role  in  the  deposition  of  triacylglycerol  during  development  of  3T3-L1 
adipocytes  and  adipose  tissue. 

The  mechanism  by  which  insulin  regulates  lipoprotein  lipase  is 
being  studied  in  fully  differentiated  3T3-L1  adipocytes.   Insulin  increased 
lipoprotein  lipase  activity  half -maximally  in  12  hours,  and  maximally,  to 
3-5  times  control,  in  4  days.  About  70%  of  the  activity  was  heparin- 
releasable  throughout  the  four-dav  period.  Maximal  increases  in  activity 
were  obtained  with  insulin  at  10"°M,  and  half-maximal  increases  at 
3  X  10"-'-%.  The  effect  of  insulin  on  lipoprotein  lipase  activity  in  mature 
cells  was  not  dependent  on  the  presence  of  serum  or  amino  acids  in  the 
incubation  medium.   However,  a  relatively  high  concentration  of  glucose, 
>1  miM,  was  required  for  the  response  to  insulin.   Stimulation  of  lipo- 
protein lipase  activity  by  insulin  in  mature  3T3-L1  adipocytes  was  com- 
pletely blocked  by  low  concentrations  of  actinomycin  D,  a-amanitine  (in- 
hibitor of  IN  A  polymerase  II],  cycloheximide  and  puromycin.  At  the 
present  time,  we  interpret  these  findings  as  showing  that  insulin  stimu- 
lates the  synthesis  of  lipoprotein  lipase  in  3T3-L1  adipocytes,  and  that 
this  effect  is  linked  to  increased  metabolism  of  glucose. 

Lipoprotein  lipase  and  uptake  of  triacylglycerol,  cholesterol  and 
phospholipid  from  chylomicrons  in  vivo.   Earlier  studies  showed  that  per- 
fused mammary  tissue  of  lactating  rats  takes  up  triacylglycerol  and 
cholesterol  from  chylomicrons  in  blood,  and  that  this  process  is  dependent 
on  lipoprotein  lipase  activity  in  the  capillaries.  The  relationship 
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between  lipoprotein  lipase  activity  and  uptake  of  phosphatidylcholine 
as  well  as  triacylglycerol  and  cholesterol  from  chylomicrons  in  blood 
has  been  studied  further  in  mammary  gland  and  adipose  tissue  of  lacta- 
ting  rats.   Sixty  percent  of  triacylglycerol- [^"^Cjoleic  acid,  13%  of 
[•'H]  cholesterol  and  8%  of  [52p]phosphatidylcholine  in  chylomicrons  in- 
jected intravenously  were  taken  up  within  11  min  by  mammary  gland 
whereas  negligible  amounts  were  taken  up  by  adipose  tissue  of  lactating 
rats.   Non-suckling  for  44  hours  decreased  markedly  uptake  of  all  lipids 
by  mammary  gland  and  decreased  the  rate  of  clearance  of  chylomicrons 
from  blood,  whereas  it  increased  significantly  uptake  of  triacylglycerol 
fatty  acids  and  cholesterol  by  adipose  tissue.   Non-suckling  also  de- 
creased lipoprotein  lipase  in  mammary  gland  while  it  increased  the 
activity  in  adipose  tissue.   These  findings  indicate  that  lipoprotein 
lipase  is  involved  in  uptake  of  chylomicron  triacylglycerol  and  cholesterol 
by  mammary  gland  and  adipose  tissue,  and  also  in  uptake  of  chylomicron 
phosphatidylcholine  by  mammary  gland.  They  also  show  that  reciprocal 
changes  in  lipoprotein  lipase  activity  in  mammary  gland  and  adipose  tissue, 
as  occur  during  lactation,  result  in  diversion  of  chylomicron  lipids  from 
one  tissue  to  the  other.   We  propose  that  uptake  of  triacylglycerol  from 
chylomicrons  by  mammary  gland  and  adipose  tissue  requires  the  direct 
action  of  lipoprotein  lipase,  whereas  uptake  of  cholesterol  and  phospho- 
lipid is  dependent  on  reduction  of  the  chylomicron  core  resulting  from 
action  of  the  enzyme  on  triacylglycerol  and  subsequent  uptake  of  lipolytic 
products  by  the  tissue. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute 

Lipoprotein  lipase  is  necessary  for  uptake  of  triacylglycerol  from 
blood  by  extrahepatic  tissues.   Earlier  studies  in  this  laboratory 
showed  that  the  enzyme  acts  in  capillary  endothelium  to  hydrolyze  tri- 
acylglycerol to  partial  glycerides  and  fatty  acids  which  cross  the 
capillary  to  be  utilized  by  tissue  cells.  Uptake  of  chylomicron  cho- 
lesterol by  mammary  gland  is  also  dependent  on  lipoprotein  lipase  acti- 
vity.  We  have  proposed  a  model  for  transport  of  partial  glycerides, 
fatty  acids  and  cholesterol  from  chylomicrons  to  cells  in  tissue  by 
lateral  movement  of  the  lipid  in  a  continuous  water- lipid  interfacial 
plane  consisting  of  the  chylomicron  surface  film  and  the  external  leaflet 
of  plasma  and  intracellular  membranes  of  endothelial,  interstitial  and 
parenchymal  cells.   It  was  also  proposed  that  lipids  derived  from  chylo- 
microns leave  the  interfacial  continuum  in  parenchymal  cells  where  they 
are  esterified,  to  either  triacylglycerol  or  cholesterol  ester,  and 
separate  from  the  lipid  interface  to  accumulate  between  the  external  and 
internal  leaflets  of  endoplasmic  reticulum.   It  is  likely  that  this 
mechanism  for  transport  and  accumulation  of  lipid  in  extrahepatic  tissues 
operates  in  walls  of  large  blood  vessels  (see  also  project  ZOl-AM-15401- 
06-LNE). 

The  present  studies  contribute  information  concerning  the  regulation 
and  synthesis  of  lipoprotein  lipase  in  adipose  cells.   It  is  evident  that 
this  enzyme  plays  a  major  role  in  the  deposition  of  triacylglycerol  during 
the  early  development  of  adipose  tissue.  The  studies  also  show  that  lipo- 
protein lipase  is  involved  in  uptake  of  phospholipids  from  chylomicrons  by 
mammary  gland  and  uptake  of  cholesterol  by  adipose  tissue. 
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Proposed  Course 

The  mechanism  of  action  of  insulin  in  the  regulation  of  lipoprotein 
lipase  activity  will  be  studied  in  3T3-L1  adipocytes  in  culture.  The 
relationship  between  lipoprotein  lipase  and  hormone -sensitive  lipase  in 
adipocytes  will  also  be  studied,  .-^n  attempt  will  be  made  to  purify 
sufficient  amounts  of  lipoprotein  lipase  from  cultured  adipocytes  for 
production  of  specific  antibodies  to  the  enzyme.  The  role  of  various 
apolipoproteins  in  the  transport  and  uptake  of  triacylglycerol  in  blood 
will  also  be  studied. 

Publications : 

Linder,  C.  ,  Chemick,  S.S.,  Fleck,  T.R.,  and  Scow,  R.O.  :   Lipoprotein 
lipase  and  uptake  of  chylomicron  triglyceride  by  skeletal  muscle  of 
rats.   Am.  J.  Physiol.   231:   860-864,  1976. 

Scow,  R.O. :  Metabolism  of  chylomicrons  in  perfused  adipose  and  mammary 
tissue  of  the  rat.   Fed.  Proc.   36:   182-185,  1977. 

Spooner,  P.M.,  Garrison,  M.M.,  and  Scow,  R.O.:   Regulation  of  mammary 
and  adipose  tissue  lipoprotein  lipase  and  blood  triacylglycerol  in  rats 
during  late  pregnancy.   J.  Clin.  Invest.   60:   702-708,  1977, 
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Lipid  monolayer  techniques  were  used  to  show  that  lipolytic  products  formed  by 


the  action  of  lipoprotein  lipase  on  triacylglycerol  immediately  locate  and  spread 
throughout  the  gas-water  interface,  displacing  substances  with  lower  spreading 
pressures.   Addition  of  albumin  to  the  aqueous  subphase  accelerated  transfer  of 
fatty  acids  and  monoacyl glycerol  from  the  interface  and  thereby  enhanced  li- 
polysis.   When  albumin  was  not  contiguous  with  the  site  of  hydrolysis,  lipolytic 
products  readily  moved  in  the  interface  to  the  area  of  contact  with  albumin 
where  they  were  transferred  from  the  interface.  These  findings  provide  physical 
chemical  evidence  for  transport  of  lipid  by  lateral  movement  in  cell  membranes,   i 
A  similar  mechanism  is  proposed  for  transport  of  insulin  from  blood  to  fat  cells 


in  adipose  tissue.   We  suggest  that  insulin  receptors  transfer  from  fat  cells  to 
the  luminal  surface  of  capillary  endothelium  by  lateral  movement  in  a  continuous 
plane  of  cell  membranes,  and  that  insulin-receptor  complexes  formed  at  the 
[luminal  surface  transfer  by  the  same  mechanism  to  fat  cells  where  the  hormone 
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Project  Description: 

Objectives 

To  study  the  structure  and  metabolism  of  cells  that  synthesize  and 
secrete  lipids,  hormones,  and  enzymes.   To  study  the  transport  of  lipids, 
hormones,  and  enzymes  across  the  capillary  endothelium,  basement  membrane 
and  extracellular  space  in  different  tissues.  To  study  uptake  of  lipids, 
hormones  and  enzymes  by  different  cells.  To  study  structure  of  cellular 
membranes  and  their  role  in  lipid  metabolism.  To  correlate  structural 
with  biochemical  changes  induced  experimentally  in  cells  and  tissues.  To 
study  effects  of  lipolytic  enzymes  on  lipid  monolayers  and  lateral  move- 
ment of  products  in  the  interface. 

Methods  Employed 

Animals  of  different  species  and  ages  and  in  various  physiological 
states  (e.g.,  fasting,  pregnancy,  lactating)  are  used  to  study  with  bio- 
chemical and  morphological  techniques  the  synthesis  and  secretion  of  tri- 
acylglycerol  by  liver,  mammary  gland,  and  intestines,  and  the  uptake  and 
utilization  of  plasma  triacylglycerol  by  adipose  tissue,  mammary  gland 
and  muscle.   Morphology  of  cellular  membranes  and  other  structures  are 
studied  with  the  electron  microscope  and  the  freeze-fracture  technique. 
Segments  of  capillary  endothelium  isolated  from  adipose  tissue  of  rats 
in  different  physiological  states  are  used  to  study  the  binding  of  in- 
sulin to  capillary  endothelium. 

Monolayer  techniques  developed  in  Marseille  are  used  to  study 
action  of  lipoprotein  and  other  lipases  on  triacylglycerol  and  movement 
of  lipolytic  products  in  the  gas-water  interface. 

Major  Findings 

Transfer  of  insulin  from  blood  to  fat  cells  in  adipose  tissue:   Since 
techniques  were  not  available  for  measuring  directly  insulin  in  extra- 
vascular  spaces  and  tissue,  the  effect  of  insulin  on  oxidation  of  radio- 
labeled glucose  to  CO2  was  taken  as  an  index  of  insulin  transfer  to  fat 
cells.   Results  obtained  in  perfused  rat  adipose  tissue  were  compared  with 
those  obtained  in  incubated  adipose  tissue.  The  lower  sensitivity  and 
slower  response  to  insulin  observed  in  perfused  tissue  were  attrilsuted  to 
restrictions  imposed  by  capillary  endothelium  on  transport  of  insulin  from 
the  blood  stream.   Also,  glucose  oxidation  in  perfused  adipose  tissue  con- 
tinued at  a  high  level  after  infusion  of  insulin  had  been  stopped. 

It  is  well  known  that  insulin  is  removed  from  the  circulation  prior 
to  its  action  on  tissue,  and  that  some  of  the  insulin  taken  up  can  be  dis- 
placed into  the  circulation  by  injection  of  insulin,  suggesting  that  it  is 
bound  to  the  luminal  surface  of  the  vascular  system.   Recently  Roth  of 
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NIAMDD  presented  evidence  that  more  than  half  of  the  extrapancreatic 
insulin  in  the  body  is  bound  and  that  insulin-receptor  complexes  com- 
prise the  major  pool  of  insulin  at  physiological  concentrations.  The 
demonstration  that  insulin  binds  to  blood  vessels  rendered  unlikely 
the  possibility  that  insulin  transfer  from  blood  by  simple  diffusion. 

A  possible  mechanism  for  transport  of  insulin  from  blood  was  sug- 
gested by  our  research  on  the  role  of  lipoprotein  lipase  in  the  uptake 
of  chylomicron  triacylglycerol  from  blood.   In  these  studies  we  pro- 
posed that  transfer  of  lipoprotein  lipase  from  fat  cells  to  capillaries 
and  transfer  of  lipolytic  products  from  capillaries  to  fat  cells  both 
occur  by  lateral  movement  in  a  continuous  plane  of  the  outer  leaflet 
of  plasma  and  intracellular  membranes  of  endothelial,  interstitial  and 
parenchymal  cells.   On  the  basis  of  these  studies  and  the  above  find- 
ings in  perfused  adipose  tissue,  we  propose  that  a  similar  mechanism 
may  be  involved  in  the  transport  of  insulin  from  blood  to  fat  cells. 
We  suggest  that  insulin  receptors  transfer  from  fat  cells,  where  they 
are  synthesized,  to  the  luminal  surface  of  capillary  endothelium  by 
lateral  movement  in  a  continuous  plane  of  cell  membranes,  and  that  in- 
sulin -receptor  complexes  formed  at  the  luminal  surface  transfer  by  the 
same  mechanism  to  fat  cells  where  the  hormone  can  exert  its  action.   Ex- 
periments are  now  in  progress  to  study  the  binding  of  insulin  to  seg- 
ments of  capillary  endothelium  isolated  from  adipose  tissue  of  animals 
in  different  physiological  states. 

Action  of  lipoprotein  lipase  on  trioleoylglycerol  and  effect  of 
albumin  on  movement  of  lipolytic  products  at  an  argon-water  interface: 
The  action  of  purified  bovine  milk  lipoprotein  lipase  on  tri- [-^Hjoleoly- 
glycerol  and  the  effect  of  albumin  on  movement  of  lipolytic  products  at 
an  argon-water  interface  were  studied  in  a  specially  designed  tricomparted 
trough.  The  amount  of  trioleoylglycerol  applied  was  14  times  that  needed 
to  cover  the  surface  of  the  aqueous  subphase  with  a  monolayer  of  trio- 
leoylglycerol at  a  surface  pressure  of  13  dynes/cm.   Enzyme  solution  was 
added  only  to  compartment  A  whereas  albumin  was  added  to  either  compart- 
ment A  or  B.   Surface  pressure  was  measured  in  compartment  C. 

Lipoprotein  lipase  hydrolyzed  trioleoylglycerol  at  the  interface  to 
dioleoylglycerol ,  monooleoylglycerol  and  oleic  acid,  and  thereby  increased 
surface  pressure  to  32  dynes/cm  in  22  min.   Small  amounts  of  oleic  acid 
and  much  smaller  amounts  of  monooleoylglycerol  were  transferred  con- 
tinuously to  the  aqueous  subphase  of  both  compartments  A  and  B.   The  rate 
of  transfer  of  each  lipid  to  compartment  A  was  100%  faster  than  that  to 
compartment  B. 

Addition  of  albumin  to  compartment  A  doubled  the  amount  of  trioleoyl- 
glycerol hydrolyzed  by  lipoprotein  lipase.   It  also  doubled  the  rate  of 
transfer  of  oleic  acid  and  increased  by  8  fold  the  rate  of  transfer  of 
monooleoylglycerol  to  the  aqueous  subphase  of  compartments  A  and  B, 
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thereby  lowering  surface  pressure  immediately  to  22  dynes/cm. 

Addition  of  albumin  to  compartment  B  doubled  the  amount  of 
trioleoylglycerol  hydrolyzed  by  lipoprotein  lipase.   It  also  in- 
creased by  35  fold  the  rate  of  transfer  of  monooleoylglycerol  and 
doubled  the  rate  of  transfer  of  oleic  acid  to  the  aqueous  subphase 
of  compartment  B,  whereas  it  only  doubled  the  rate  of  transfer  of 
monooleoylglycerol  and  had  little  effect  on  transfer  of  oleic  acid 
to  compartment  A.   Addition  of  albumin  to  compartment  B  lowered  and 
maintained  surface  pressure  at  25  dynes/cm  during  the  first  20 
minutes  of  the  experiment,  and  then  lowered  the  pressure  to  22  dynes/ 
cm. 

It  is  concluded  from  these  studies  that  hydrolysis  of  tri- 
acylglycerol  by  lipoprotein  lipase  occurs  in  or  near  the  lipid/argon- 
water  interface,  and  that  lipolytic  products  immediately  locate  and 
spread  throughout  the  interface.  As  lipolytic  products  crowd  the 
interface,  surface  pressure  increases  and  hydrolysis  slows  down.   If 
the  interface  is  occupied  by  substances  that  have  a  spreading  pressure 
below  that  of  lipolytic  products,  such  substances  will  be  displaced 
from  the  interface.  Although  lipolytic  products  composed  of  long 
chain  acyl  groups  have  a  strong  tendency  to  remain  in  the  interface,  a 
small  fraction  of  fatty  acid  and  a  much  smaller  fraction  of  mono- 
acyl glycerol  transfer  to  the  aqueous  subphase,  and  the  amounts  trans- 
ferred increase  with  interfacial  pressure.   Albumin  in  the  aqueous 
subphase  accelerates  markedly  transfer  of  fatty  acid  and  monoacylgly- 
cerol  from  the  interface  and  thereby  enhances  lipolysis.   When  the 
albumin  is  not  contiguous  with  the  site  of  hydrolysis,  fatty  acid 
and  monoacylglycerol  readily  move  in  the  interface  to  the  area  of 
contact  with  albumin  where  they  will  transfer  from  the  interface. 
These  studies  provide  physical-chemical  evidence  for  our  model  for 
transport  of  acyl  lipid  from  chylomicrons  to  tissue  by  lateral  move- 
ment in  a  continuous  interfacial  plane  composed  of  the  chylomicron 
surface  film  and  cell  membranes. 

Significance  to  Biomedical  Research  and  the  Program  of  the 
Institute:   Uptake  of  triacylglycerol  and  cholesterol  from  chylomicrons 
by  extrahepatic  tissues  requires  the  action  of  lipoprotein  lipase. 
Earlier  studies  in  this  laboratory  showed  that  lipoprotein  lipase  acts 
in  capillary  endothelium  to  hydrolyze  triacylglycerol  to  partial  gly- 
cerides  and  fatty  acids  which  cross  the  capillary  to  be  utilized  by 
the  tissue.   We  have  proposed  a  model  for  transport  of  acyl  and  other 
lipids  from  chylomicrons  to  cells  in  tissue  by  lateral  movement  in  a 
continuous  interfacial  plane  composed  of  the  chylomicron  surface  film 
and  the  external  leaflet  of  plasma  and  intracellular  membranes  of  endo- 
thelial, interstitial  and  parenchymal  cells  (see  Project  No.  ZOl-15400- 
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03-LNE} .   We  also  proposed  that  lipids  derived  from  chylomicrons 
leave  the  interfacial  continuum  in  parenchymal  cells  where  they 
are  esterified  to  either  triacylglycerol  or  cholesterol  ester,  and 
separate  from  the  lipid  interface  to  accumulate  between  the  external 
and  internal  leaflets  of  endoplasmic  reticulum.   We  think  that  amphi- 
philic  amino  acids  and  hormones  as  well  as  fatty  acids  mobilized  from 
adipose  tissue  also  transfer  between  blood  and  tissue  cells  by  lateral 
movement  in  the  above  interfacial  continuum.  These  possibilities  are 
under  study. 

Our  recent  studies  of  the  action  of  lipoprotein  lipase  on  trio- 
leoylglycerol  and  the  effect  of  albumin  on  movement  of  lipolytic 
products  at  an  argon-water  interface  provide  physical-chemical  evidence 
for  transport  of  lipid  by  lateral  movement  in  cell  membranes. 


Proposed  Course 

The  action  of  lipoprotein  lipase  on  chylomicrons  and  transport  of 
lipid  will  be  studied  in  heart  with  biochemical  and  morphological 
techniques.  The  effect  of  lipoprotein  lipase  bovine  milk  on  morphology 
of  human  very  low  density  lipoproteins  (VLDL)  will  also  be  studied.   The 
lipid  monolayer  technique  will  be  used  to  study  the  effect  of  other  li- 
pases on  triacylglycerol  and  phospholipid  and  transport  of  lipolytic 
products  in  the  interfacial  plane. 

Publications: 

Scow,  R.O.,  Blanchette-Mackie,  E.J.  and  Smith,  L.C.:   Role  of  lipo- 
protein lipase  and  capillary  endothelium  in  the  clearance  of  chylo- 
microns from  blood:   A  model  for  lipid  transport  by  lateral  diffusion 
in  cell  membranes.   In  Polonovski,  J.  (Ed.):  Cholesterol  Metabolism 
and  Lipolytic  Enzymes.   New  York,  Masson  Publishing,  1977,  pp.   143- 
164. 

Scow,  R.O.  and  Olivecrona,  T. :   Effect  of  albumin  on  products  formed 
from  chylomicron  triacylglycerol  by  lipoprotein  lipase  in  vitro. 
Biochim.  Biophys.  Acta  487:   472-486,  1977. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Earlier  studies  from  this  laboratory  showed  that  tissues  in  or  near  the 
pharynx,  in  both  man  and  rat,  secrete  a  lipase  that  acts  in  the  stomach,  at  pH 
5.4,  to  hydrolyze  triacylglycerol  to  di^-  and  monoacylglycerol  and  fatty  acids, 
and  that  this  is  the  first  step  in  digestion  of  dietary  fat.  The  products 
formed  are  amphiphilic  and  facilitate  emulsification  of  triacylglycerol  before 
it  leaves  the  stomach.   The  objectives  of  this  project  are:   1)  isolate  and 
purify  pharyngeal  lipase  from  tissues  of  rats  and  other  species  and  from 
pharyngeal  secretions  of  man,  2)  characterize  the  mode  of  action  of  pharyngeal 
lipase,  3)  study  the  regulation  and  mode  of  secretion  of  the  enzyme,  and  4)  de- 
termine the  role  of  pharyngeal  lipase  in  fat  digestion  in  normal  and  diseased 
states,  in  both  infants  and  adults. 

Recent  studies  of  the  lipolytic  activity  present  in  rat  lingual  serous  glands 
indicate  that  pharyngeal  lipase  acts  primarily  in  the  core,  not  at  the  surface, 
of  lipid  droplets,  and  that  its  action  is  not  dependent  on  the  presence  of 
fatty  acid  acceptors  (albumin  or  Ca**)  in  the  incubation  medium. 
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Project  No.  Z01-AM-15402-04-LiNE 
Project  Description: 
Objectives 

To  purify  pharyngeal  lipase  from  tissues  of  animals  and  pharyngeal 
secretions  of  man.  To  characterize  the  structure  and  mode  of  action  of 
the  enzyme.   To  determine  the  role  of  pharyngeal  lipase  in  fat  digestion. 

Methods  Employed 

Lingual  serous  glands  from  rats  and  other  species,  and  esophageal 
secretions  from  man  are  used  as  the  source  of  pharyngeal  lipase.   Ex- 
tracts containing  lipolytic  activity  will  be  fractionated  by  various 
techniques  in  order  to  isolate  and  purify  the  enzyme.   The  mechanism  of 
action  of  the  enzyme  on  triacylglycerol  is  studied  using  chylomicrons, 
emulsions  and  lipid  monolayers. 

Major  Findings 

The  action  of  pharyngeal  lipase  was  compared  with  that  of  pancreatic 
lipase  and  that  of  lipoprotein  lipase  on  chylomicrons  in  0.1  "  Tris  buf- 
fered solution.   The  pH  of  the  incubation  medium  was  5.4  for  studies  with 
pharyngeal  lipase  and  8.1  with  the  other  lipases.   Triacylglycerol  in  the 
chylomicrons  was  labeled  with  [I'^Cjoleic  acid  and  [-^H]  glycerol .   In  some 
experiments,  phosphatidylcholine  in  the  chylomicrons  was  labeled  with  -^^p. 

Pharyngeal  lipase  readily  hydrolyzed  chylomicron  triacylglycerol,  at 
a  concentration  of  1.2  mM,  to  mostly  diacylglycerol  and  fatty  acids.   Ad- 
dition of  0.6  mM  albumin  to  the  medium  doubled  the  rate  of  hydrolysis  of 
triacylglycerol  and  increased  the  amounts  of  fatty  acids,  monoacyl glycerol 
and  glycerol  formed.   Addition  of  3.3  mM  CaCl2  had  no  effect  on  the  action 
of  pharyngeal  lipase,  whereas  addition  of  17  iiiM  sodium  taurodeoxycholate 
had  a  small  effect,  increasing  the  amounts  of  monoacylglycerol  and  glycerol 
formed.   Addition  of  CaCl-,  and  sodium  taurodeoxycholate  together  enhanced 
lipolysis  more  than  did  albumin  alone.   Pharyngeal  lipase  had  no  effect  on 
phosphatidylcholine  in  chylomicrons.  The  accumulation  of  di-  and  mono- 
acylglycerol as  lipolytic  products  and  the  lack  of  effect  of  the  enzyme  on 
phosphatidylcholine  suggest  that  pharyngeal  lipase  acted  primarily  in  the 
core,  not  on  the  surface,  of  the  chylomicron. 

Pancreatic  lipase  had  no  effect  on  chylomicron  triacylglycerol  unless 
CaCl^  was  added  to  the  incubation  medium.   The  enhancing  effect  of  CaCl2 
occurred  at  a  concentration  of  1.0  mM  and  was  maximal  at  3.3  mM.   Addition 
of  0.6  mM  albumin  with  CaCl2  increased  induction  time  (time  required  to 
reach  the  maximal  rate  of  enzyme  activity)  to  5  min  at  3.3  mM  CaCl2  and  to 
25  min  at  1.0  mM  CaCl2.  Albumin  added  alone  did  not  support  lipolysis. 
Addition  of  4  to  17  mM  sodium  taurodeoxycholate  in  the  presence  of  3.3  mM 
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CaCl-  decreased  induction  time  and  increased  the  rate  of  hydrolysis. 
Although  the  preparation  of  pancreatic  lipase  used  in  these  studies 
contained  colipase,  addition  of  colipase  accelerated  lipolysis  in 
medium  containing  17  mM  sodium  taurodeoxycholate  and  3.3  mM  CaCl2. 
The  primary  products  of  hydrolysis  were  usually  monoacylglycerol  and 
fatty  acid  in  medium  containing  3.3  mM  CaCl2,  17  mM  sodium  tauro- 
deoxycholate and  1  ijg  of  colipase  per  '^g  of  enzyme.  However,  when 
the  CaCl2  concentration  was  6,7  mM,  diacylglycerol  was  also  a  major 
product  of  lipolysis:   41%  of  the  triacylglycerol  was  hydrolyzed  to 
diacylglycerol,  48%  to  monoacylglycerol  and  10-5  to  glycerol.  Al- 
though pancreatic  lipase  has  been  reported  to  hydrolyze  phosphati- 
dylcholine when  mixed  with  bile  salts  and  CaCl2  (De  Haas  et  al . ,  BBA 
106:   638-640,  1965),  it  had  no  effect  on  phosphatidylcholine  in 
chylomicrons.  These  findings  suggest  that  pancreatic  lipase  also 
acts  primarily  in  the  core,  not  on  the  surface,  of  chylomicrons. 

Lipoprotein  lipase  had  no  effect  on  chylomicron  triacylglycerol 
unless  albumin  or  CaCl2  were  added  to  accept  fatty  acids.  Albumin 
was  much  more  effective,  however,  than  Ca"*"  .   Addition  of  17  mM 
sodium  taurodeoxycholate  inhibited  completely  the  action  of  the  en- 
zyme.  This  effect  proba'i^ly  reflects  the  reported  detergent  effect 
of  bile  salts  on  lipoprotein  lipase.   As  also  reported  earlier,  lipo- 
protein lipase  hydrolyzed  phosphatidylcholine  in  chylomicrons  to  (2- 
acyl]  lysophosphatidyl choline  and  fatty  acid.   This  effect  and  the 
finding  that  chylomicron  triacylglycerol  was  hydrolyzed  completely 
to  glycerol  and  fatty  acids  indicate  that  lipoprotein  lipase  acts 
primarily  at  the  surface  of  chylomicrons. 

These  studies  show  marked  differences  between  pharyngeal,  pan- 
creatic and  lipoprotein  lipase  in  their  action  on  chylomicron  tri- 
acylglycerol.  Pharyngeal  lipase  acted  primarily  on  the  core  and  did 
not  require  the  removal  of  lipolytic  products  from  the  lipid  particle. 
Lipolysis  was  enhanced,  nonetheless,  by  addition  of  either  albumin  or 
a  mixture  of  CaCl9  and  bile  salts.   Pancreatic  lipase  acted  primarily 
on  the  core,  but  its  action  was  dependent  on  both  Ca''"''  and  removal  of 
lipolytic  products  from  the  lipid  particle.   Lipolysis  by  pancreatic 
lipase  was  also  enhanced  by  bile  salts  and  impaired  by  albumin.   Lipo- 
protein lipase,  in  contrast  to  the  other  lipases,  acted  primarily  on 
the  surface  and  its  action  was  completely  inhibited  by  bile  salts.   Hy- 
drolysis of  triacylglycerol  by  lipoprotein  lipase  was  dependent  on  re- 
moval of  lipolytic  products,  by  either  albumin  or  Ca  '"'.  These  dif- 
ferences are  relatable  to  the  physiological  role  of  each  enzyme. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
It  is  now  widely  accepted  that  pharyngeal  lipase  accounts  for  the  li- 
polytic activity  present  in  gastric  contents  and  that  the  products  formed 
facilitate  emulsification  of  triacylglycerol  before  it  leaves  the  stomach. 
The  importance  of  this  enzymic  reaction  in  patients  with  abnormal  fat  di- 
gestion is  not  yet  known. 

Proposed  Course:   Studies  will  be  continued  concerning  the  role  of 
pharyngeal  lipase  in  fat  digestion  and  to  determine  what  factors  regulate 
its  synthesis  and  secretion.   Studies  will  also  be  made  to  determine  the 
site  of  synthesis  and  secretion  of  pharyngeal  lipase  in  man.   Isolation 
and  purification  of  the  lipase  from  tissues  of  rats  and  secretions  of 
man  will  be  continued. 

Publications:   none 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Production  of  large  quantities  of  microorganisms  for  the  isolation  and 
purification  of  biologically  important  macromolecules  and  cell  particulates 
and  to  assist  NIH  investigators  in  the  scale-up  and  processing  of  plant  and 
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Project  Description 

Objectives :   To  provide  facilities  and  services  for  the  processing  and/or 
production  of  large  amounts  of  natural  materials,  such  as  bacteria,  yeasts, 
molds,  protozoa,  animal  cells,  blood,  urine  and  plant  and  animal  tissues,  so 
that  they  may  be  studied  under  standard  laboratory  conditions. 

Methods  Employed:   To  satisfy  the  large-scale  production  needs  of  NIH 
investigators,  methods  are  designed  for  the  scaling  up  of  small  laboratory 
experiments  utilizing  large  reaction  vessels,  extractors,  stills,  concentrators, 
centrifuges,  etc.,  so  that  the  processing  can  be  carried  out  effectively,  effi- 
ciently and  safely.   Three  10-liter,  one  50-liter,  one  100-liter,  one  300- 
liter  and  one  1100-liter  fermentors  are  utilized  for  growing  microorganisms  and 
animal  cells  under  a  variety  of  conditions.   Bacterial  cells  and  yeasts  are 
harvested  by  means  of  laboratory  or  large-scale  AS-16P  and  AS-26P  Sharpies  cen- 
trifuges.  Protozoa  are  concentrated  in  low  speed  centrifuges.   Cells  are 
either  supplied  as  a  paste  or  further  processed  to  yield  cell-free  suspensions 
by  rupture  with  a  Gaulin  homogenizer.   In  some  instances,  a  specific  substance 
is  isolated  and  partially  purified  by  further  processing  of  the  culture  super- 
natant or  the  cell  paste  using  conventional  fractionation  procedures  and  the 
newer  chromatographic  techniques. 

Major  Findings:   During  the  past  12  months,  a  total  of  298  requests  were 
processed  for  investigators:   NIAMDD  121;  BoB  58;  NCI  46;  NHLBI  27;  NICHD  20; 
NIAID  7;  NIMH  5;  NIDR  5;  NINCDS  2  and  others  7.   43,410  liters  of  cultures 
of  25  organisms  were  produced.   These  organisms  include  wild  type  and  mutant 
strains  of  Arthrobacter  luteus,  Arthrobacter  polychromogenes ,  Arthrobacter 
pyridinolis ,  Aspergillus  fumigatus,  Azotobacter  vinelandii.  Bacillus  amylo- 
liquif aciens ,  Bacillus  subtilis ,  Bordetella  pertussis ,  Candida  albicans,  Can- 
dida utilis,  Escherichia  coli,Flexibacter  sp . ,  Haemophilus  influenzae.  Neis- 
seria meningitidis,  Polychromogenes  alcalif aciens,  Pseudomonas  putida,  Pseudo- 
monas  sp.  11299a,  Rhodo spirillum  rub rum,  Saccharomyces  cerevisiae ,  Salmonella 
typhimurium,  Staphlococcus  aureus,  Tetrahymena  pyriformis  and  PS- 3  (  an  unidenti- 
fied thermophile) .   Human  lymphocytes  were  also  grown  in  fermentors.   Some  of 
the  microorganisms  were  used  for  the  production  of  Bacteriophages  T4 ,  T7  and 
lambda,  others  were  used  to  produce  extracellular  enzymes.   Fermentations  were 
made  76  times  in  the  three  10-liter,  61  times  in  the  50-liter,  30  times  in  the 
100-liter,  67  times  in  the  300-liter  and  15  times  in  the  1100-liter  fermentors. 
Of  the  249  fermentations,  44  (17.6%)  were  contaminated  with  29  (11.6%)  of 
these  traced  to  the  inocula  supplied  by  the  requesting  investigator. 

Studies  were  continued  with  the  Division  of  Bacterial  Products,  Bureau  of 
Biologies  for  polysaccharide  production  by  H.  influenzae   and  isolation  of  the 
enterotoxin  proteins  from  special  strains  of  E.    coli.   Spheroplasts  were  pro- 
duced for  the  NHLBI  from  E.  coli  using  10-,  50-,  and  300-liter  fermentors  in 
series.   Crude  interferon  fractions  were  isolated  from  cultures  of  transformed 
beta  lymphocytes  stimulated  with  Newcastle  disease  virus,  strain  B-1.   This 
includes  the  very  large  800-liter  culture  prepared  and  processed  with  excellent 
results.   The  Gaulin  laboratory  homogenizer  was  used  20  times  to  rupture  cell 
suspensions  of  yeast,  protozoa,  bacteria  and  mosses. 
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Large  scale  processing  activities  consisted  of  the  isolation  of  histamine 
methylating  enzyme  from  1800  g  guinea  pig  brains  for  NHLBI ;  microsomes  from 
two  15-lb  lots  of  chicken  livers  using  the  Electro-nucleonics  zonal  centrifuge  ^_ 
(also  NHLBI);  isolation  of  an  extracellular  enzyme,  Barnase,  and  its  inhibitor, M^ 
Barstar,  from  1100-liter  culture  of  B^.  amyloliquif aciens ;  dihydrofolate  re-    ▼ 
ductase  from  52  lbs  beef  liver;  beta  hexoseaminidase  from  130  human  placentas; 
and  preparation  of  four  two-gallon  quantities  of  hydroxyapatite  in  the  50- 
gallon  Pfaudler  glass-lined  reactor.  Various  plants  and  animal  tissues  were 
either  dried  and/or  ground  in  the  large  oven,   mills,  and  related  equipment 
and  solutions  were  centrifuged,  concentrated  or  lyophilized  such  as  72  1  Kilham 
rat  virus,  138  1  Bordetella  pertussis,  90  1  potato  extract,  18  1  N.  meningi- 
tidis ,  40  1  fish  liver  extracts  containing  tetrodotoxin  and  several  10-15  1 
cultures  of  E^.  coli  mutants  and  their  viruses. 

Publications: 

Baksi,  K. ,  D.L.  Rogerson,  Jr.,  and  Rushizky,  G.W. :   Rapid  single  step  purifi- 
cation of  restriction  endonucleases  on  Cibacron  Blue  F3GA-agarose.   (In  Press) 
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ANNUAL  REPORT  SUMMARY 

LABORATORY  OF  BIOCHEMISTRY  AND  METABOLISM 

A.   The  Role  of  Hepatic  Plasma  Membranes  in  the  Recognition  and  Catabol- 
ism  of  Circulating  Glycoproteins.   Continuing  investigation  into  the  mechanism 
whereby  hepatic  membranes  bind  and  transport  glycoproteins  into  the  paren- 
chymal cells  may  be  summarized  as  follows: 

1.  In  continuation  of  studies  described  earlier  wherein  the  hepatic 
binding  protein  responsible  for  the  catabolism  of  desialylated  serum  glyco- 
proteins was  identified  on,  and  isolated  from,  several  subcellular  organelles, 
current  work  has  identified  the  topological  distribution  of  this  receptor  as 
being  on  the  external,  or  cytosolic,  surface  of  the  lysosomes.   This  unexpect- 
ed finding  is  in  contrast  to  that  seen  in  the  Golgi  complex  and  the  smooth 
membranes. 

2.  The  significance  of  this  observation  for  the  understanding  of 
the  mechanism  of  receptor-mediated  uptake  and  catabolism  of  cell-surface 
bound  ligands  was  clarified  by  examination  of  the  effect  of  stress  conditions 
on  the  half-life  of  the  receptor.   Upon  injection  of  maximal  loading  amounts 
of  asialoglycoproteins  into  rats  followed  by  subsequent  isolation  of  the 
purified  binding  protein  from  rat  liver  plasma  membranes,  it  waL  shown  that 
the  receptor  half-life  remained  constant,  i.e.,  catabolism  of  the  ligand  was 
dissociated  from  that  of  the  receptor.   Since  it  had  been  anticipated  that 
the  lysosomal  trapping  of  the  endocytosed  complex  would  result  in  destruc- 
tion of  both  the  ligand  and  the  receptor,  the  above-mentioned  recovery  of 
the  receptor  on  the  external  surface  provided  a  means  whereby  survival  of 
the  receptor  was  insured. 

3.  In  an  attempt  to  elucidate  a  mechanism  for  the  translocation 

of  the  receptor  from  the  external  surface  of  the  plasma  membrane  to  the  cyto- 
solic surface  of  the  lysosomes,  model  studies  with  latex  particles  were 
undertaken.   The  time  course  of  bulk  pinocytosis  by  isolated  hepatocytes  was 
monitored  by  electron  microscopy  and  the  latex  beads,  surrounded  by  an  intact 
membranous  layer,  were  recovered  by  sucrose  density  gradient  centrif ugation. 
Biochemical  and  electron  microscopic  examination  of  these  vesicles  revealed 
a  time-dependent  eversion  of  the  receptor  from  the  inner  to  the  outer  sur- 
face of  the  limiting  membrane.   These  results  are  tentatively  interpreted 
as  illustrative  of  the  physiological  processes  involved  in  the  salvaging  of 
receptor  by  insertion  on  the  external  surface  of  the  lysosomes. 

4.  In  collaboration  with  Dr.  Elvin  Kabat  (Columbia  University  and 
NIH) ,  studies  on  the  nature  and  the  specificity  of  the  purified  rabbit  hepatic 
lectin  binding  site  have  been  undertaken.   The  results  indicate  the  binding 
site  to  be  relatively  small,  involving  a  terminal  sugar  containing  an  axial 
hydroxyl  on  carbon-4  and  extending  to  at  least  part  of  the  penultimate  sugar 
residue.   Among  the  oligo-  and  monosaccharides  tested  methyl  ct-D-GalNAcp 

was  the  best  inhibitor  being  approximately  4  times  as  effective  as  the 
S-analogue.   In  contrast,  methyl  ^(^D-Galp  was  more  effective  than  the  corre- 
sponding a-isomer  although  the  galactosides  were  significantly  poorer  inhibi- 
tors than  the  N-acetylgalactosaminides . 
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B.   The  Formation  of  the  Yeast  Primary  Septum. 

1.   Solubilization  and  purification  of  chitin  synthetase.   A  paper 
on  this  topic  is  in  the  process  of  publication.   Its  main  conclusions  are 
1)   The  solubilized  chitin  synthetase  is  inactive  unless  first  subjected  to 
partial  proteolysis,  therefore  the  enzyme  is  present  in  the  cell  as  a 
zymogen;  2)   The  purified  enzyme  requires  an  acidic  phospholipid,  such  as 
phosphatidylserine,  lysophosphatidylserine  or  phosphatidylinositol  for  maxi- 
mal activity;  3)   The  purified  enzjnne  synthesized  insoluble  chitin  in  the 
absence  of  added  primer.   This  is  the  first  reported  case  of  a  soluble  enzyme 
catalyzing  the  synthesis  of  an  insoluble  structural  polysaccharide.   The 
appearance  of  the  synthesized  polysaccharide,  as  observed  under  the  electron 
microscope  after  negative  staining,  is  similar  to  that  of  the  chitin  synthe- 
sized "in  vivo",  as  found  in  yeast  bud  scars. 
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2.  An  endochitinase  from  wheat  germ.   A  partially  purified  prepara- 
tion of  wheat  germ  agglutinin  was  found  to  inhibit  chitin  synthetase  very 
strongly.   The  "inhibitor"  turned  out  to  be  a  protein  different  from  the 
agglutinin  and  was  purified  to  apparent  homogeneity  by  affinity  chromato- 
graphy on  chitin,  followed  by  chromatography  on  Sephadex  G-75.   By  further 
study  it  turned  out  that  this  purified  protein  caused  a  decrease  in  the  forma- 
tion of  chitin  by  chitin  synthetase  by  digesting  the  chitin  rather  than  by 
inhibiting  its  formation,  i. e  it  was  a  chitinase.   Examination  of  its  pattern 
of  action  revealed  that  the  enzyme  is  an  endochitinase,  which  liberates  sever- 
al oligosaccharides  of  different  length.   The  presence  of  such  an  enzyme  from  .,, 
other  sources  has  been  reported  before,  but  none  of  these  preparations  has     I 
been  extensively  purified  and  characterized.  " 

! 
The  detection  of  the  chitinase  as  an  apparent  inhibitor  of  chitin  synthe- 
tase prompted  us  to  study  the  effect  of  incubating  chitinase  and  synthetase 
together.   A  striking  results  was  obtained:  the  chitinase  was  much  more  active 
in  conjunction  with  chitin  synthetase,  i.e.  when  using  nascent  chains  of 
chitin  as  substrate,  than  when  acting  after  the  synthetase,  i.e  on  already 
completed  chitin  chains.   This  finding  may  have  general  implications  for  the 
pattern  of  action  of  hydrolytic  enzymes  implicated  in  the  synthesis  and  turn- 
over of  cell  walls. 

3.  S~l,3-Glucan  synthetase.   Some  important  progress  was  made  in 
the  study  of  this  enzyme,  that  catalyzes  the  formation  of  the  major  structural 
component  of  the  yeast  cell  wall.   Incubation  of  the  particulate  enzyme  with 
ATP,  followed  by  removal  of  the  nucleotide  by  centrif ugation,  led  to  activa- 
tion of  the  glucan  synthetase.   After  this  treatment,  addition  of  ATP  in  the 
reaction  mixture  did  not  stimulate  further  activity.   The  activation  could  be 
reversed  by  incubation  with  alkaline  phosphatase,  therefore  the  effect  of 
ATP  appears  to  consist  in  a  phosphorylation. 

An  activator  obtained  from  yeast  does  not  seem  to  act  in  this  way,  since 
it  has  to  be  present  in  the  glucan  synthetase  assay  mixture  in  order  to 
stimulate  the  activity.   The  activator  has  been  extensively  purified  from 
boiled  yeast  extracts  by  passage  through  Dowex  50  cationic  resin,  precipita- 
tion with  Ba''"^  between  pH  2  and  4,  chromatography  through  DEAE-cellulose  and 
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Sephadex  G-15.   During  the   last  step  the  activator,  whose  molecular  weight 
seems  to  range  between  600  and  800,  is  separated  from  the  bulk  of  the  inor- 
ganic polyphosphate  that  accompanies  it  up  to  that  point.   A  further  purifica- 
tion seems  possible  by  thin-layer  chromatography  on  polyethyleneimine  plates. 

It  appears  that  the  activator  contains  phosphate,  because  alkaline  phos- 
phatase destroys  its  activity.   Nothing  else  is  known  about  its  structure. 
Work  is  underway  to  a)  label  the  activator  with   P  "in  vivo"  b)  isolate 
larger  amounts  of  this  substance.   It  is  hoped  that  these  approaches  will 
facilitate  identification  of  the  unknown  substance. 

C.   The  Function  of  Bacterial  Outer  Membrane  Components. 

1.  Nearly  isogenic  strains  of  Escherichia  coli  which  carry  one  or 
more  mutations  leading  to  altered  levels  of  one  or  more  major  outer  membrane 
proteins  have  been  prepared  and  genetically  characterized.   The  genetic  loci 
involved,  tolF , ompA, par , ompB  and  nmpA,  have  a  role  in  the  phenotypic  expres- 
sion of  the  four  major  outer  membrane  proteins.   The  importance  of  this 
accomplishment  lies  in  the  observation  that  the  genetic  make-up  of  a  strain 
determines,  in  part,  the  phenotypic  response  to  alterations  in  the  protein 
composition  of  the  outer  membrane.   Therefore,  nearly  isogenic  strains  must 
be  compared  to  isolate  the  effects  of  individual  mutations. 

2.  It  was  shown  previously  that   E^.  coli  tolF  strains  are  missing 
a  single  major  outer  membrane  protein,  protein  la.   Starting  with  a  tolF 
strain,  a  par  mutant  was  isolated  and  shown  to  be  also  missing  protein  lb. 
Proteins  la  and  lb  are  involved  with  the  diffusion  of  nutrients  like  sugars 
and  amino  acids  across  the  outer  membrane  barrier.   The  tolF  par  double 


mutant  exhibited  a  markedly  reduced  uptake  of  these  substances  and  grew  very 
slowly.   The  slow  growth  was  presumably  a  reflection  of  the  reduced  perme- 
ability of  the  outer  membrane.   More  rapidly  growing  spontaneous  mutants  ap- 
peared in  cultures  of  tolF  par  double  mutants  and  it  was  found  that  these 
strains  contained  a  major  outer  membrane  protein  that  had  not  been  previously 
described  which  we  call  protein  E. 

The  antibiotic  sensitivity  to  a  variety  of  antibiotics  such  as  amino- 
glycosides, tetracyclines,  chloramphenicol,  and  polymyxin  B,  lost  as  a 
result  of  the  tolF  mutation  (protein  Ia~)  is  regained  in  strains  that  carry 
the  protein  E.  (proteins  Ia~,  lb  ,  E  ).   The  uptake  of  amino  acids  and  sugars 
in  these  strains  is  markedly  increased  to  nearly  normal  levels.   These  data 
indicate  that  protein  E  functions  to  restore  the  selective  permeability  of 
the  outer  membrane  to  low-molecular  weight  hydrophylic  molecules. 

3.   Two  new  bacteriophages,  TC45  and  TC23,  have  been  isolated  which 
use  protein  E  as  at  least  part  of  their  receptor  have  been  isolated.   These 
bacteriophages  both  have  a  morphology  similar  to  T-even  bacteriophages  but 
are  distinct  in  properties  such  as  plaque  morphology,  buoyant  density,  and 
burst  size.   They  also  differ  in  their  ability  to  infect  cells  which  do  not 
contain  their  receptor  protein  E.   The  efficiency  of  plating  bacte:;iophage 
TC45  is  <10~   on  protein  E   cells  whereas  this  figure  is  about  10  '  for 
bacterxophage  TC23.   Specific  antibodies  prepared  against  bacteriophage  TC45 
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and  purified  show  strong  cross  reactivity  with  bacteriophage  TC23. 

4.  Protein  E  has  been  purified  to  protein  homogeneity.   Although 
pilot  experiments  indicated  that  protein  E  could  be  completely  purified, 
attempts  to  purify  larger  amounts  (beginning  with  3  gm.  of  purified  outer 
membrane)  resulted  in  a  parparation  that  contained  1.5%  (wt/wt)  protein  con- 
tamination and  19%  (wt/wt)  lipopolysaccharide.   Further  purification  steps 
resulted  in  the  removal  of  all  contaminating  protein  and  a  reduction  of  lipo- 
polysaccharide contamination  to  5%. 

Purified  protein  E  has  been  chemically  characterized  (molecular  weight, 
amino  acid  composition,  N-terminal  amino  acid,  sugar,  phosphorous,  and  lipid 
content)  small  amounts  of  purified  protein  E  containing  no  detectable  hep- 
tose  (a  component  of  lipopolysaccharide)  have  been  chemically  characterized. 

Protein  E  is  strongly  associated  with  the  peptidoglycan  layer  of  the 
cell  envelope.   Since  the  peptidoglycan  layer  lies  inside  the  outer  membrane 
and  since  protein  E  serves  as  a  receptor  for  certain  bacteriophages  (see  #6, 
below)  it  is  likely  that  protein  E  spans  the  outer  membrane.   This  is  an 
appropriate  orientation  for  a  membrane  protein  that  we  believe  is  involved  in 
the  formation  of  pores  to  facilitate  the  diffusion  of  low  molecular  weight 
hydrophylic  compounds  (see  #2,  above) . 

5.  The  purified  protein  E  inactivated  bacteriophages  TC45  and  TC23, 
and  this  inactivation  was  inhibited  by  antibody  specific  for  protein  E. 
These  data  indicate  that  protein  E  forms  at  least  part  of  the  receptor  for 
these  bacteriophages.   The  bacteriophage  inactivating  capacity  of  pure 
protein  E  was  enhanced  by  added  lipopolysaccharide  whereas  lipopolysaccharide 
alone  had  no  effect.   This  may  indicate  that  the  lipopolysaccharide  inter- 
acts with  protein  E  to  form  a  more  effective  receptor.   Alternatively,  lipo- 
polysaccharide may  simply  prevent  aggregation  of  protein  E.   This  possi- 
bility is  supported  by  the  observation  that  purified  protein  E,  containing 

5%  lipopolysaccharide,  is  unstable  and  loses  its  capacity  to  inactivate 
bacteriophage  TC45  within  one  week  whereas  a  preparation  containing  19%  lipo- 
polysaccharide is  stable. 

D.   Hormone-Dependent  Differentiation  of  Mammary  Gland. 

1.   The  epithelium  in  the  mammary  gland  of  the  adult  male  mouse 
resembles  the  anlage  in  the  embryonic  female.   Therefore,  the  male  animal 
has  been  used  as  a  convenient  source  of  embryonic-like  mammary  epithelium. 
It  has  been  observed  that  appropriate  hormone  treatment  _in  vivo  can  elicit 
growth  and  differentiation  of  the  male  epithelium  equivalent  to  that  which 
occurs  in  the  pregnant  female.   Last  year  it  was  reported  that  administration 
of  estrogen  to  castrated,  adrenalectomized  male  mice  caused  the  formation  of 
mammary  ducts  which  could  differentiate  i^  vitro  in  the  presence  of  insulin, 
glucocorticoid  and  prolactin.   It  was  concluded  that  progesterone  serves 
solely  as  a  growth  promoter  for  mammary  epithelium,  but  has  no  positive 
function  in  its  differentiation.   More  recently  it  has  been  observed  that  the 
ducts  in  these  male  mice  also  differentiate  in  vivo,  in  spite  of  the  absence 
of  glucocortocoid.    This  is  explainable  on  the  basis  of  the  high  levels  of 
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spermidine  in  the  serum  of  these  animals.  Apparently  spermidine  can  effec- 
tively substitute  for  glucocorticoid  J^  vivo,  as  well  as  iii  vitro  (reported 
previously),  in  terms  of  mammary  development. 

2.  Last  year  it  was  reported  that  mammary  cells  from  mature  virgin 
mice  must  traverse  the  cell-cycle  in  order  to  be  able  to  synthesize  milk- 
proteins  ±n   vitro  in  response  to  the  lactogenic  hormones.   Prevention  of  such 
traversal  does  not  preclude  ultrastructural  development,  however.   The  block 
in  milk-protein  synthesis  imposed  by  inhibitors  of  DNA  synthesis  has  now  been 
partially  delineated,  using  excess  c-DNA  hybridization.   Casein  m-RNA 
synthesis  is  unaffected  under  these  conditions.   Thus,  the  block  in  milk- 
protein  synthesis  is  at  a  post-transcriptional  level,  and  is  either  trans- 
lational  or  post-translational. 

3.  Externalized  mammary  nuclei,  free  from  intact  cells,  can  synthe- 
size DNA  for  about  90  minutes.   Addition  of  various  dialyzed  sera  at  this 
time,  can  reactivate  DNA  synthesis.   The  serum-stimulated  synthesis  appears 

to  represent  authentic  DNA  synthesis.  Prolactin,  but  no  insulin,  can  tran- 
siently reactivate  DNA  synthesis  when  added  after  90  minutes. 

E.   Spermidine  and  the  Development  of  Mammary  Gland. 

1.  To  elucidate  further  the  role  of  spermidine,  its  function  has 
been  examined  in  mammary  cell-proliferation  using  organ  culture  of  mammary 
gland  from  virgin  mice.   The  mammary  cells  in  virgin  mice  are  essentially 
non-prolif erative,  but  they  can  be  induced  to  undergo  DNA  synthesis  in  vitro 
in  the  presence  of  insulin.   Time  course  studies  on  polyamine  biosynthesis 
and  DNA  synthesis  showed  that  insulin  elicits  sequential  stimulation  of  the 
activities  of  the  polyamine  biosynthetic  enzymes,  ornithine  decarboxylase, 
S-adenosyl-L -methionine  decarboxylase  (SAMDC)  and  spermidine  synthase,  and 
an  increase  in  the  concentration  of  spermidine  prior  to  the  augmentation  of 
DNA  synthesis.   At  48-72  hr  of  culture  when  DNA  synthesis  is  maximal,  the 
concentration  of  spermidine  increased  about  2-fold,  whereas  the  level  of 
spermidine  remained  unchanged.   Addition  of  methyl  glyoxal  bis(guanylhydrazone) 
(5-10  PM) ,  a  potent  inhibitor  of  SAMDC,  to  the  medium  at  the  onset  of  culture 
resulted  in  inhibition  of  spermidine  formation  and  DNA  synthesis.   The  drug, 
however,  produced  little  inhibition  of  RNA  and  protein  synthesis.   This 
inhibition  of  DNA  synthesis  can  be  reversed  by  addition  of  spermidine  or 
other  polyamines  such  as  putrescine,  cadaverine  and  spermidine  to  the  culture. 
Spermidine  is,  however,  the  only  polyamine  that  is  effective  at  a  physiologi- 
cal concentration  (100-150  pmoles/mg  tissues) .   Thus  spermidine  may  play  a 
key  role  in  the  regulation  of  mammary  cell   proliferation  as  well  as  in  milk- 
protein  synthesis. 

2.  The  first  phase  of  our  attempts  to  elucidate  the  regulatory 
mechanisms  of  spermidine  biosynthesis  during  hormonal  induction  of  mammary 
development  in  vitro.   The  data  show  that  the  interplay  of  insulin,  glucocor- 
ticoid and  prolactin  causes  the  stimulation  of  a  group  of  spermidine  biosyn- 
thetic enzymes,  arginase,  ornithine  decarboxylase,  S-adenosylmethionine 
decarboxylase  and  spermidine  synthase.   The  increase  of  the  various  enzyme 
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activities  is  not  synchronous  and  differs  in  extent  and  stimulatory  factors 
involved. 

F.   Differentiation  of  Lymphoid  Cells. 

1.  Thymocytes  cultured  with  autologous  spleen  cells  enhance  the 
extent  of  induction  of  immunoglobulin  secreting  cells  measured  at  72  hours. 
The  thymocyte  mediated  enhancement  was  markedly  reduced  when  the  addition 
of  thymus  cells  to  spleen  cells,  during  the  cell  culture  period,  was 
delayed  as  little  as  two  hours.   Besides  this  early  requirement  for  thymus 
cells  it  was  demonstrated  that  thymocyte  enhancement  ^Iso  occurs  late  in 
the  process.   Thus  a  four-fold  greater  secretion  of  [^H] -immunoglobulin 
was  observed  even  when  thymus  cells  were  added  during  the  90  minutes  pulse 
label  period,  i.e.,  after  spleen  cells  had  completed  the  72-hour  culture 
period.   Nylon  wool  purified  T-cell  enriched  populations  were  as  efficacious 
as  thymocytes  and  there  was  no  histocompatibility  requirement  in  that  rat 
thymocytes  functioned  at  least  as  well  as  rabbit  thymus  cells  in  stimulation 
of  rabbit  spleen  populations.   Both  the  spleen  cells  and  thymocytes  were 
mitomycin  C  sensitive  indicating  a  possible  need  for  either  differentiation 
or  maturation,  during  the  tissue  culture  phase,  of  not  only  B-cells  but  of 
T-cells  as  well. 

2.  The  finding  that  thymus  cells  induce  spleen  cells  to  inhibit 
enhanced  secretion  of  immunoglobulins  within  minutes,  rather  than  within  days 
as  heretofore  reported,  was  characterized  further.   It  was  observed  that  the 
thymocyte-raediated  enhancement  of  immunoglobulin  secretion  by  splenocytes  was 
detected  with  spleen  cells  cultured  for  2  or  3  days  but  not  with  freshly 
isolated  cells.   Although  the  rate  of  appearance  of  extracellular  immuno- 
globulins was  markedly  enhanced  by  thymus  cells,  the  rate  of  appearance  of 
intracellular  immunoglobulins  in  such  spleen  cells  was  unchanged.   The  secre- 
tion stimulating  activity  of  thymocytes  appeared  to  be  specific  in  that 
thymus  cells  were  without  effect  on  the  rate  of  secretion  of  serum  albumin 

by  liver  cells.   Moreover  thymus  cells  treated  with  anti-thymocyte  serum 
and  complement  lost  their  capacity  to  enhance  immunoglobulin  secretion.   On 
the  other  hand  suspensions  of  fresh  liver  cells  were  effective  in  stimulating 
secretion  as  were  spleen  cells  treated  to  remove  T-cells  with  anti-thymocyte 
serum.   Thus  the  secretion  enhancing  activity  is  present  in,  but  apparently 
not  restricted  solely  to,  thymus  cells  or  T-cells.   It  is  noteworthy  that 
the  thymus  cell  enhancement  can  also  be  demonstrated  using  a  plaque  assay 
for  sheep  RBC  rather  than  the  pulse  label  assay  used  in  the  bulk  of  this 
study. 

Coprecipitation  analysis  of  the  secreted  product  using  specific  antisera 
revealed  that  2/3  of  the  rabbit  [H] -immunoglobulins  in  the  extracellular 
fluid  are  IgM  and  1/3  IgA.   There  was  no  detectable  material  coprecipitated 
using  carrier  egg-albumin  and  anti-egg  albumin  or  rabbit  IgG  and  anti  IgG. 

3.  Secretory  products  of  thymus  cell  populations  were  partially 
separated  via  Bio-gel  chromatography  as  a  prelude  to  studying  the  materials  in 
peaks  for  their  lymphokine  activities.   Four  peaks  in  order  of  their  rate  of 
migration  can  be  discerned.   Peak  I,  the  most  rapid  migrating  component  is 
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derived  from  cortisone  insensitive  cells  and  peak  II  from  cortisone  sensitive 
cells.   Freshly  isolated  thymus  cells  exhibit  peaks  I  and  II.   Peak  III  ap- 
pears only  in  response  to  incubation  of  fresh  cells  with  concanavalin  A 
(Con  A)  whereas  peak  IV  has  been  observed  only  after  incubation  of  thymocytes 
with  pokeweed  mitogen  for  72  hours  before  labeling  the  secreting  product  by 
incubating  the  cells  with  [  H]-leucine.   Studies  with  cortisone  resistant 
cells  establish  that  peak  III  and  IV  materials  must  have  been  derived  from 
cortisone  sensitive  cells.   Thymocytes  incubated  in  medium  199  (10%  fetal 
calf  serum)  for  72  hours  before  labeling  did  not  yield  any  peaks.   The  pres- 
ence of  Con  A  or  phytohemagglutinin  in  addition  to  fetal  calf  serum  for 
72  hours  before  labeling  with  [  H]-leucine  yielded  peak  I  only.   It  is 
worthy  of  emphasis  that  peak  III  and  peak  IV  materials  were  induced  only  in 
specific  response  to  Con  A  and  pokeweed  mitogens  respectively. 

G.   Enzymatic  Basis  of  Detoxification- 

1.  The  glutathione  S-transf erases  are  among  the  major  detoxifica- 
tion systems  of  the  animal  kingdom.   By  reason  of  their  avidity  in  binding 
an  enormous  number  of  compounds  bearing  hydrophobic  structure,  they  serve  to 
passively  hold  compounds  with  highly  electrophilic  atoms  in  close  proximity 
to  glutathione.   Indeed,  the  creation  of  this  proximity  effect  may  be  their 
only  function  since  the  highly  reactive  nucleophile,  glutathione  thiolate, 
can  then  react  with  the  first  substrate.   Their  spectrum  of  catalytic  activ- 
ity is  revealed  by  the  titles  that  have  been  bestowed  on  this  group  of 
enzymes:  glutathione  S-alkyltransf erase;  glutathione  S-alkene  transferase, 
glutathione  S-epoxide  transferase,  nitrate  ester  reductase,  steroid 
isomerase  A  -3-keto-steroid  isomerase,  maleylacetone  isomerase,  and  ligandin. 
On  the  basis  of  our  work,  it  is  probable  that  they  should  all  be  identified 
solely  as  glutathione  S-transf erase. 

2.  A  homogeneous  thiol  S-methyltransf erase  from  rat  liver  has  been 
shown  to  catalyze  transfer  of  the  methyl  group  of  S-Adenosylmethionine  to  the 
sulfur  of  a  large  number  of  mercaptans.   The  enzyme  is  inactive  with  highly 
polar  mercaptans  such  as  cysteine  or  glutathione. 

3.  A  major  study  is  under  way  of  the  transfer  of  sulfate  to  a 
variety  of  acceptors.   At  present,  two  homogeneous  proteins  have  been  obtained 
which  will  catalyze  sulfate  transfer  to  phenols  and  are  homogeneous  protein 
that  will  catalyze  transfer  to  sterols. 

H.   Biochemical  Abnormalities  Underlying  Human  Cystinosis. 

Cystine  levels  in  cultured  cells  from  the  hitherto  unrelated  inherited 
disorder  mucolipidosis  II  (I-cell  disease)  are  characterized  by  abnormally 
high  levels  of  free  cystine.   Of  eleven  I-cell  strains  thus  far  examined 
nine  have  been  found  to  possess  cystine  levels  well  above  the  normal  range 
and,  in  some  cases,  equal  to  or  exceeding  levels  usually  associated  with 
frankly  cystinotic  cells.   By  way  of  contrast,  all  four  cell  lines  from 
patients  with  the  biochemically  similar,  but  clinically  more  benign, 
mucolipidosis  III  were  found  to  possess  essentially  normal  (but  possibly 
slightly  elevated)  intracellular  levels  of  cystine.   Like  cystinotic  cells. 
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the  high  intracellular  cystine  levels  in  I-cells  can  be  substantially  reduced 
by  brief  incubation  of  the  cells  with  the  thiol  compound  cysteamine.  Analysis 
of  the  total  free  amino  acid  content  of  several  I-cell  strains  indicates  that 
the  elevated  levels  of  cystine  seen  in  these  cells  is  unique  to  this  amino 
acid  and  does  not  reflect  a  generalized  increase  of  amino  acid  content. 

I.   Studies  on  Naturally  Occurring  Sulfur  Nucleotides. 

1.  New  thionucleotide  (with  S.  Adhya) .   The  new  thionucleotide 
produced  in  E^.  coli  tRNA  after  a  infection  appears  to  have  a  guanosine 
nucleus,  on  the  basis  of  purine- labeling  experiments.   It  arises  from  the 
introduction  of  a  sulfur  into  a  previously-existing  methylguanosine  as  the 
result  of  a  phage-coded  enzyme.   It  is  hoped  to  have  a  known  compound  shortly 
for  comparative  purposes,  but  on  the  basis  of  its  high  pK  and  its  chemical 
and  chromatographic  behavior,  it  seems  possible  that  it  may  be  7-methyl-6- 
thioguanosine. 

One  major  species  of  coli  tRNA  is  modified  in  this  way,  along  with  about 
two  very  minor  ones.   These  have  been  highly  purified  (about  300  fold)  from 
the  tRNA  of  infected  bacteria,  and  we  expect  to  identify  the  amino  acid 
species  involved  -  unless,  of  course,  they  have  been  inactivated  as  amino 
acid  acceptors  by  the  thiolation.   The  role  of  this  reaction  in  X-infection 
remains  to  be  determined. 

4 

2.  Search  for  a  4-thiouridineless  mutant.   The  strain  of  "s  U-free" 

E.  coli  obtained  from  Dr.  Jagger  was  found  to  actually  produce  a  small  amount 

~  ""5  35 

of  s  U  in  its  tRNA  when  gfown  in   S-containing  medium,  although  the  activity 

of  the  first  of  the  two  S  U-containing  enzymes  is  below  the  detectable  level. 

Introduction  of  an  episome  containing  the  appropriate  segment  of  the  E^.  coli 

4 
chromosome  allows  the  normal  level  of  s  U  to  be  produced.   The  search  for 

an  absolute  mutant  continues,  along  with  the  search  for  strains  lacking  in 

the  second  thiolation  enzyme. 

J.   Thermodynamic  and  Kinetic  Studies  of  Protein  Structure  and  Enzymic 
Mechanisms. 

1.  The  denaturation  of  pepsinogen  by  urea  has  been  studied  as  a 
function  of  pH  and  temperature.   Kinetic  experiments  have  shown  the  transi- 
tion to  be  fully  reversible  and  to  show  two  state  behavior  in  the  pH  range 
covered  (6-8).   The  free  energy  of  stabilization  of  the  native  protein,  G, 
is  only  6-12  Kcal  mol~  .   The  temperature  dependence  of  the  equilibrium 
yields  the  other  thermodynamic  parameters  AM  -  31.5  Kcal  mol   ,  AS  = 

105  cal  deg   mol   and  ACp  =  5215  cal  deg   mol 

2.  The  denaturation  of  pepsin  by  high  pH  and  by  denaturants  has 
been  reinvestigated.   Freshly  prepared  enzyme,  which  was  immediately  inacti- 
vated by  a  covalent  inhibitor  (diazoacetylglycine  ethyl  ester) ,  was  used  to 
avoid  the  complications  of  autolysis.   Denaturation  above  pH6  produced  a 
small  expansion  of  the  molecule  with  some  loss  of  secondary  structure,  whereas 
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high  concentrations  of  guanidine  hydrochloride  changed  both  native  and 
alkali  denatured  pepsin  to  cross  linked  random  coils.   All  these  reactions 
were  irreversible.   Removal  of  denaturing  conditions  produced  aggregation 
and  precipitation  of  protein.   These  studies  indicate  that  the  conformation 
of  pepsin  is  largely  predetermined  in  pepsinogen. 

3.   Circular  dichroism  was  used  to  determine  the  contribution  of 
induced  optical  activity  in  the  quest  to  the  previous  previusly  measured 
specific  rotation  of  a  number  of  cycloamylose-  p-nitrophenolate  complexes. 
The  sign  and  magnitude  of  the  induced  Cotton  effects  are  compatible  with  a 
model  in  which  the  guest  entered  the  cycloamylose  cavity  nitro  group  first. 
There  was  no  indication  of  conformation  changes  in  the  cycloamylose  itself. 

K.   Enzymes  of  Carbohydrate  Metabolism  in  Invertebrates  and  Vertebrates. 

1.  Studies  have  been  carried  out  on  the  occurrence  and  properties 
of  certain  carbohydrate-related  enzymes  of  the  hepatopancreas  or  midgut 
glands  of  marine  invertebrates  compared  with  the  corresponding  enzymes  of 
mammalian  liver.   Limulus  polyphemus,  in  contrast  to  most  other  invertebrates 
studied,  contains  a  particulate  enzyme  with  many  properties  essentially  iden- 
tical with  those  of  mammalian  liver  and  kidney  microsomal  glucose-6-phospha- 
tase.   The  livers  of  many  higher  animals  contain  a  substrate-specific,  high 

K  hexokinase,  called  "glucokinase" ,  which  is  believed  to  function  in  coordi- 
nation with  glucose-6-phosphatase  in  the  hepatic  recycling  of  glucose  and 
glucose-6-P,  a  so-called  "futile  cycle",  coincident  with  hormonal  and  sub- 
strate regulation  of  anabolic  and  catabolic  processes.   Although  such  a 
"glucokinase"  has  not  previously  been  observed  in  invertebrates,  it  was 
postulated  that  such  an  enzyme  might  well  occur  in  those  invertebrates  in 
which  a  true  glucose-6-phosphatase  had  developed.   A  preliminary  comparative 
survey  of  hexokinases  of  livers  and  liver-like  organs  of  a  number  of  species, 
clam,  rock  crab,  starfish,  Limulus,  Nereis,  squid,  fish,  frog  and  rat,  has 
been  made.   Kinetic  studies  showed  that  the  soluble  fraction  of  Limulus 

hepatopancreas  contains,  in  addition  to  at  least  one  low  K  hexokinase 

m 

(K  <  0.1  mM) ,  a  significant  amount  of  another  such  enzyme  with  a  K  of  about 
7mM,  nearly  as  high  as  that  of  rat.   An  appreciable,  glucose-dependent, 
reduction  of  NADP  in  the   absence  of  ATP  was  noted  with  Limulus  hepato- 
pancreas supernatants .   This  suggests  the  occurrence  of  a  glucose  dehydro- 
genase capable  of  initiating  glucose  catabolism  in  the  absence  of  ATP,  which 
might  be  of  more  physiological  importance  in  invertebrates  than  in  higher 
animals,  where  such  enzymes  are  not  abundant. 

2.  A  study  of  developmental  changes  in  the  quantity  and  properties 
of  the  particulate  enzyme  glucose-6-phosphatase  and  its  related  inorganic 
phosphate:  glucose  phosphotransferase  in  rat  liver  and  kidney  has  been 
completed.   The  principal  result  of  this  study  was  the  finding  that  the 
latencies,  i.e.,  the  percentage  of  total  activity  which  is  not  expressed 
without  in  vitro  activation,  of  two  enzymatic  activities  associated  with  the 
same  membrane  bound  enzyme  show  strikingly  different  age-related  changes  in 
liver.   The  latency  of  PP. -glucose  phosphotransferase  activity  reaches  high 
levels  (60-80%  latent)  soon  after  birth  and  remains  high  throughout  life. 
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while  the  latency  of  glucose-6-P  phosphohydrolase  decreases  with  age.   The 
phosphohydrolase  is  2  to  3  times  more  latent  in  the  liver  of  the  neonatal 
animal  than  in  the  adult  and  this  difference  is  probably  related  to  differ- 
ences in  the  ease  with  which  the  glucose-6-phosphate  substrate  is  able  to 
gain  access  to  the  active  site  of  the  enzyme  molecule  within  the  endoplasmic 
reticular  membrane.   The  glucose-6-P  phosphohydrolase  of  kidney,  in  contrast 
to  that  of  liver,  did  not  show  a  characteristic  decrease  in  latency  with 
age. 

L.   The  Role  of  Free  Inositol  in  Br^n  and  Lipid-bound  Inositol  in 
Membranes.   By  exploitation  of  three  different  principles  of  chromatographic 
separation,  charge  differences  by  DEAE-cellulose  and  hydroxy lapatite,  size 
by  Ultrogel,  and  biospecif icity  by  affinity,  inositol  1-phosphate  synthase 
was  purified  to  homogeneity.   The  molecular  weight  was  found  to  be  210,000 
by  three  independent  methods,  gel  filtration,  electrophoresis,  and  ultra- 
centrifugation.   A  single  subunit  of  molecular  weight  68,000  was  found, 
evidence  which  tentatively  assigns  this  enzyme  to  the  rare  group  of  trimeric 
enzymes,  of  which  only  two  others  have  been  found  in  mammals.   The  enzyme 
has  an  absolute  requirement  for  NAD  .   K   for  glucose  6-phosphate  is  0.7  mM 
and  for  NAD"*",  0.025  mM.  ™ 

M.   Biochemical  Lesions  in  Genetic  Mucopolysaccharidosis.   Glucosamine 
N-^5g  sulfate,  a-methyl  glucosaminide  N-^^g  sulfate  and  a-methyl  glucos- 
aminide  N-  -"S  sulfate,  6-sulfate  were  prepared  and  tested  as  substrates  for 
mucopolysaccharide  N-  sulfatase  activity.   The  absence  of  this  enzyme  gives 
rise  to  the  Sanfillippo-A  genetic  disorder.   No  radioactive  sulfate  was 
released  from  these  compounds  suggesting  that  the  true  substrate  is  probably 
larger  than  a  disaccharide.   However,  sulfate  was  released  from  the  N-sulfate, 
6-sulfate  derivative  by  a  previously  undescribed  enzyme  present  in  normal 
human  urine.   This  new  enzyme  is  different  from  the  recently  described 
N-acetyl  glucosaminide-6-sulf atase.   It  has  been  purified  approximately  50- 
fold  and  some  of  its  properties  examined.   At  this  stage  it  is  devoid  of  the 
relatively  non-specific  aryl  sulfatases  A  and  B  which  are  abundant  in  urine. 
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The  role  of  Hepatic  Plasma  Membranes  in  The  Recognition  and  Catabolism  of 
Circulating  Glycoproteins.   Continuing  investigation  into  the  mechanism 
whereby  hepatic  membranes  bind  and  transport  glycoproteins  into  the  paren- 
chymal cells  may  be  summarized  as  follows:  || 

1.  In  continuation  of  studies  described  earlier  wherein  the  hepatic  binding 
protein  responsible  for  the  catabolism  of  desialylated  serum  glycoproteins 
was  identified  on,  and  isolated  from,  several  subcellular  organelles,  current 
work  has  identified  the  topological  distribution  of  this  receptor  as  being 
on  the  external,  or  cytosolic,  surface  of  the  lysosomes.   This  unexpected 
finding  is  in  contrast  to  that  seen  in  the  Golgi  complex  and  the  smooth 
membranes.   (Pricer) . 

2.  The  significance  of  this  obervation  for  the  understanding  of  the  mechan- 
ism of  receptor-mediated  uptake  and  catabolism  of  cell-surface  bound  ligands 
was  clarifed  by  examination  of  the  effect  of  stress  conditions  on  the  half 
life  of  the  receptor.   Upon  injection  of  maximal  loading  amounts  of  asialo- 
glycoproteins  into  rats  followed  by  subsequent  isolation  of  the  purified 
binding  protein  from  rat  liver  plasma  membranes,  it  was  shown  that  the  re- 
ceptor half-life  remained  constant,  i.e.,  catabolism  of  the  ligand  was 
dissociated  from  that  of  the  receptor.   Since  it  had  been  anticipated  that 
the  lysosomal  trapping  of  the  endocytosed  complex  would  result  in  destruc- 
tion of  both  the  ligand  and  the  receptor,  the  above-mentioned  recovery  of 
the  receptor  on  the  external  surface  provided  a  means  whereby  survival  of 
the  receptor  was  insured.   (Tanabe) . 


3.  In  an  attempt  to  elucidate  a  mechanism  for  the  translocation  of  the 
receptor  from  the  external  surface  of  the  plasma  membrane  to  the  cytosolic 
surface  of  the  lysosomes,  model  studies  with  latex  particles  were  undertaken. 
The  time  course  of  bulk  pinocytosis  by  isolated  hepatocytes  was  monitored 

by  electron  microscopy  and  the  latex  beads,  surrounded  by  an  intact  membran- 
ous layer,  were  recovered  by  sucrose  density  gradient  centrifugation. 
Biochemical  and  electron  microscopic  examination  of  these  vesicles  revealed 
a  time-dependent  eversion  of  the  receptor  from  the  inner  to  the  outer  sur- 
face of  the  limiting  membrane.   These  results  are  tentatively  interpreted 
as  illustrative  of  the  physiological  processes  involved  in  the  salvaging  of 
receptor  by  insertion  on  the  external  surface  of  the  lysosomes.   (Hickman). 

4.  In  collaboration  with  Dr.  Elvin  Kabat  (Columbia  University  and  NIH) , 
studies  on  the  nature  and  the  specificity  of  the  purified  rabbit  hepatic 
lectin  binding  site  have  been  undertaken.   The  results  indicate  the  bind- 
ing site  to  be  relatively  small,  involving  a  terminal  sugar  containing  an 
axial  hydroxyl  on  carbon-4  and  extending  to  at  least  part  of  the  penultimate 
sugar  residue.   Among  the  oligo-  and  monosaccharides  tested,  methyl  a-D- 
GalNAcp_  was  the  best  inhibitor  being  approximately  4  times  as  effective  as 
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the  6-analogue.  In  contrast,  methyl  a-D-Galp  was  more  effective  than  the 
corresponding  ct-isomer  although  the  galactosides  were  significantly  poorer 
inhibitors  than  the  N-acetylgalactosaminides. 

Proposed  Course  of  Project: 

1.  It  is  proposed  to  continue  studies  on  the  mechanism  of  receptor-ligand 
internalization  in  an  attempt  to  determine  the  nature  of  the  physiological 
process  involved  in  cellular  catabolism  of  cell  surface  recognized  ligands. 

2.  In  addition  to  the  above  projects,  it  is  proposed  to  examine  the  cellular 
nature  of  the  uptake  and  catabolism  as  several  biologically  important  reac- 
tion products  such  as  the  haptoglobin-hemoglobin  complex  and  the  antibody- 
antigen  reaction. 

Publications: 

Kawasaki,  T.  and  Ashwell,  B.:   The  isolation  and  characterization  of  an 
avian  hepatic  binding  protein  specific  for  N-Acetylglucosamine-terminated 
glycoproteins.   J.  Biol.  Chem.  252:   6536-6543,  1977. 

Ashwell,  G.:   A  functional  role  for  lectins.   Trends  Biochem.  Sci.  2,  N186, 
1977. 

Paulson,  J.  C,  Hill,  R.  L. ,  Tanabe,  T. ,  and  Ashwell,  G.:   Reactivation 
of  asialo-rabbit  liver  binding  protein  by  resialylation  with  S-D-galacto- 
side  a2  -+  6  sialyltransferase.   J.  Biol.  Chem.  252:   8624-8628,  1977. 
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SUMMARY   OF    jJORK    (200    words   or   less   -   underline    keywords) 

A  number  of  enzymes  active  in  detoxification  appear  to  be 
characterized  by  broad  specificity  and,  sometimes,  by  multiple 
functions.   The  glutathione  transferases  from  mammalian  liver  are 
active  in  catalyzing  an  enormous  number  of  reactions  which  involve 
the  glutathione  thiolate  ion,  serve  as  binding  proteins  for 
compounds  such  as  bilirubin  and  heme;  and  form  covalent  complexes 
with  electrophilic  reagents  including  carcinogens.  Exploratory 
work  with  thiol  S-methyltransf erase  and  a  number  of  sulfotransf erases , 
all  from  rat  liver,  suggest  that  the  homogeneous  enzymes  that  have 
been  isolated  are  each  able  to  catalyze  reactions  with  a  broad 
class  of  compounds. 
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Project  Description: 

The  glutathione  S-transferases  are  among  the  major  detoxification 
systems  of  the  animal  kingdom.   By  reason  of  their  avidity  in  binding  an 
enormous  number  of  compounds  bearing  hydrophobic  structure,  they  serve  to 
passively  hold  compounds  with  highly  electrophilic  atoms  in  close 
proximity  to  glutathione.   Indeed,  the  creation  of  this  proximity  effect 
may  be  their  only  function  since  the  highly  reactive  nucleophile, 
glutathione  thiolate,  can  then  react  with  the  first  substrate.   Their 
spectrum  of  catalytic  activity  is  revealed  by  the  titles  that  have  been 
bestowed  on  this  group  of  enzymes:   glutathione  S-alkyltransf erase; 
glutathione  S-alkene  transferase,  glutathione. S-epoxide  transferase, 
nitrate  ester  reductase,  steroid  isomerase,  A  -3-keto-steroid  isomerase, 
maleylacetone  isomerase,  and  ligandin.   On  the  basis  of  our  work,  it  is 
probable  that  they  should  all  be  identified  solely  as  glutathione 
S-transf erase. 

A  homogeneous  thiol  S-methyltransf erase  from  rat  liver  has  been  shown 
to  catalyze  transfer  of  the  methyl  group  of  S-adenosylmethionine  to  the 
sulfur  of  a  large  number  of  mercaptans.   The  enzyme  is  inactive  with 
highly  polar  mercaptans  such  as  cysteine  or  glutathione. 

A  major  study  is  under  ^ay  of  the  transfer  of  sulfate  to  a  variety 
of  acceptors.   At  present,  two  homogeneous  proteins  have  been  obtained 
that  will  catalyze  sulfate  transfer  to  phenols  and  homogeneous 
protein  that  will  catalyze  transfer  to  sterols. 

Proposed  Course  of  Project: 

Work  with  the  conjugating  enzymes  of  liver  is  intended  to  delineate 
the  means  by  which  we  are   able  to  survive  in  the  presence  of  the  many 
noxious  and  toxic  compounds  to  which  we  are  exposed.   The  investigation 
of  the  above  noted  projects  will  be  continued. 

Publications : 

Jakoby,  W.  B. :   The  glutathione  S-transferases:   A  group  of  multifunctional 
detoxification  proteins.   Adv.  Enzymol.   46:   381-412,  1978. 

Berk,  P.  D. ,  Wolkoff,  A.  W. ,  Scharschmidt ,  B.  R. ,  Shupeck,  M. ,  Ketley,  J.  N., 
Waggoner,  J.  G. ,  and  Jakoby,  W.  B. :   Recent  studies  of  the  metabolism  of 
conjugated  bilirubin.   In  Schaffner,  F. ,  Bianchi,  L. ,  Gerok,  W. ,  and 
Sichinger,  K.  (Eds.):   Liver  and  Bile.   Lancaster,  MTP  Press,  1977, 
pp.  177-185. 

Jakoby,  W.  B.:   Glutathione  S-transferases:   A  family  of  binding  proteins 
which  includes  ligandin.   In  Berk,  P.  D.,  Berlin,  N. ,  and  Watson,  C.  (Eds.): 
Chemistry  and  Metabolism  of  Bile  Pigments.   Washington,  D.  C.  U.S.  Government 
Printing  Office,  1977,  pp.  315-322. 

105 


Project  No.   ZQl  AM  17002-08  LBM 


Jakoby,  W.  B. ,  and  Keen,  J.  H. :   A  triple-threat  in  detoxification:   The 
glutathione  S-transf erases.   Trends  Biochem.  Sci.,  2,  229-231,  1977. 

Pinkus,  L.  M. ,  Ketley,  J.  N.,  and  Jakoby,  W.  B. :   The  glutathione 
S-transf erases  as  a  possible  detoxification  system  of  rat  intestinal 
epithelium.   Biochem.  Pharmacol.,  26:   2359-2363,  1977. 

Wolkoff,  A.  W. ,  Ketley,  J.  N. ,  Waggoner,  J.  G. ,  Berk,  P.  D.,  and  Jakoby, 
W.  B.:   Hepatic  accumulation  and  intracellular  binding  of  conjugated 
bilirubin.   J.  Clin.  Invest.  61,   142-149,  1978. 

Marcus,  C.  J.,  Habig,  W.  H. ,  and  Jakoby,  W.  B.:   Glutathione  transferase 
from  human  erythrocytes:   Non-identity  with  the  enzymes  from  human  liver. 
Arch.  Biochem.  Biophys .,  in  press. 

Keen,  J.  H. ,  and  Jakoby,  W.  B:   Glutathione  transferases:   Catalysis  of 
nucleophilic  reactions  of  glutathione.   J.  Biol.  Chem. ,  in  press. 

Keen,  J.  H. ,  and  Jakoby,  W.  B:   A  convenient  method  for  disulfide 
interchange  and  other  thiol  transfer  reactions.   Anal.  Biochem.,  in 
press . 
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SUMMARY  OF  ^ORK  (200  words  or  less  -  underline  keywords) 

New  efforts  will  be  made  toward  the  further  purification  of  the  solubilized 
chitin  synthetase.   Mutants  defective  in  chitin  synthesis  will  be  studied 
genetically  and  biochemically. 

The  subcellular  distribution  and  pattern  of  action  of  a  chitinase  present  in 
yeast  will  be  investigated  in  an  attempt  to  understand  its  physiological 
significance. 

The  study  of  a  chitinase  from  wheat  germ  will  be  completed.   This  enzyme  will 
be  used,  after  attachment  to  colloidal  gold  particles,  to  ascertain  the  distri- 
bution of  chitin  in  yeast  bud  scars  and  in  nascent  buds. 

The  activation  of  yeast  glucan  synthetase  by  ATP  and  by  an  activator  from 
yeast  will  be  further  studied,  to  ascertain  their  function  in  the  regulation 
of  yeast  growth. 
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Project  Description: 


Objectives  -  The  ongoing  research  attempts  to  provide  an  understanding 
of  the  molecular  mechanisms  of  morphogenesis.   The  topics  currently  under 
study  are  the  formation  of  the  primary  septum  of  yeast  and  the  biosynthesis 
of  a  glucan  which  is  a  major  structural  component  of  the  yeast  cell  wall. 

Methods  Employed  -  The  organism  used  is  Saccharomyces  cerevisiae,  grown 
in  the  laboratory.   Appropriate  strains  are  available  for  different  purposes, 
including  strains  with  specific  markers.   Mutants  are  obtained  by  mutagenesis 
with  either  nitrosoguanidine  or  ethyl  methyl  sulfonate  and  screened  for 
inability  to  synthesized  chitin  at  a  nonpermissive  temperature  by  a  pre- 
viously developed  autoradiographic  method. 

Cells  are  converted  into  protoplasts  by  treatment  with  snail  intestinal 
juice.   Protoplasts  are  disrupted  by  osmotic  lysis  and  mechanical  shearing 
to  obtain  particulate  fractions.   The  latter  are  further  fractionated  by 
centrifugation  in  density  gradients.   Enzymes  are  solubilized  with  deter- 
gents and  purified  by  conventional  methods  including  affinity  chromotography 
on  appropriate  adsorbents. 

Major  Findings  -  The  formation  of  the  yeast  primary  septum. 

a)  Solubilization  and  purification  of  chitin  synthetase.   A  paper  on 
this  topic  is  in  the  process  of  publication.   Its  main  conclusions  are 

1)   The  solubilized  chitin  synthetase  is  inactive  unless  first  subjected  to 
partial  proteolysis,  therefore  the  enzyme  is  present  in  the  cell  as  a 
zymogen;  2)   The  purified  enzyme  requires  an  acidic  phospholipid,  such  as 
phosphatidylserine,  lysophosphatidylserine  or  phosphatidylinositol  for  maxi- 
mal activity;  3)   The  purified  enzyme  synthesizes  insoluble  chitin  in  the 
absence  of  added  primer.   This  is  the  first  reported  case  of  a  soluble 
enzyme  catalyzing  the  synthesis  of  an  insoluble  structural  polysaccharide. 
The  appearance  of  the  synthesized  polysaccharide,  as  observed  under  the 
electron  microscope  after  negative  staining,  is  similar  to  that  of  the  chitin 
synthesized  "in  vivo",  as  found  in  yeast  bud  scars. 

b)  Localization  of  chitin  synthetase  on  the  plasma  membrane.   Studies 
by  electron  microscope  autoradiography  confirmed  the  previous  result,  ob- 
tained by  fluorescence  microscopy,  that  nascent  chitin  chains  emerge  at  many 
sites  on  the  plasma  membrane,  after  generalized  proteolytic  activation  of 
chitin  synthetase.   It  is  inferred  that  the  synthetase  also  is  distributed  at 
many  locations  on  the  membrane.   Since  chitin  synthetase  is  originally  in  the 
zymogen  form  (vide  supra)  it  is  concluded  that  initiation  of  the  chitin 
septum  occurs  by  local  activation  of  the  zymogen  rather  than  by  direct 
delivery  of  pre-activated  enzyme  to  a  specific  site. 

A  paper  embodying  the  above  results  is  in  preparation. 
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c)  An  endochitinase  from  wheat  germ.   A  partially  purified  preparation 
of  wheat  germ  agglutinin  was  found  to  inhibit  chitin  synthetase  very  strongly. 
The  "inhibitor"  turned  out  to  be  a  protein  different  from  the  agglutinin  and 
was  purified  to  apparent  homogeneity  by  affinity  chromatography  on  chitin, 
followed  by  chromatography  on  Sephadex  G-75.   By  further  study  it  turned  out 
that  this  purified  protein  caused  a  decrease  in  the  formation  of  chitin  by 
chitin  synthetase  by  digesting  the  chitin  rather  than  by  inhibiting  its  forma- 
tion, i.e.  it  was  a  chitinase.   Examination  of  its  pattern  of  action  revealed 
that  the  enzyme  is  an  endochitinase,  which  liberates  several  oligosaccharides 
of  different  length.   The  presence  of  such  an  enzyme  from  other  sources  has 
been  reported  before,  but  none  of  these  preparations  has  been  extensively 
purified  and  characterized. 

The  detection  of  the  chitinase  as  an  apparent  inhibitor  of  chitin  synthe- 
tase prompted  us  to  study  the  effect  of  incubating  chitinase  and  synthetase 
together.   A  striking  result  was  obtained:  the  chitinase  was  much  more  active 
in  conjunction  with  chitin  synthetase,  i.e.  when  using  nascent  chains  of 
chitin  as  substrate,  than  when  acting  after  the  synthetase,  i.e.  on  already 
completed  chitin  chains.   This  finding  may  have  general  implications  fc"  the 
pattern  of  action  of  hydrolytic  enzymes  implicated  in  the  synthesis  and  turn- 
over of  cell  walls. 

Since  homogeneous  wheat  germ  chitinase  can  be  easily  obtained  in  milli- 
gram amounts,  it  is  hoped  to  use  this  enzyme  as  a  marker  for  chitin  in  our 
investigations  on  the  distribution  of  this  polysaccharide  in  the  yeast  cell 
wall. 

d)  A  particulate  chitinase  in  yeast.  The  study  of  wheat  germ  chitinase 
led  to  the  finding  that  our  solubilized  preparation  of  chitin  synthetase  con- 
tained some  chitinase  activity.   This  activity  could  be  removed  by  passage 

of  the  enzyme  through  chitin.   Fractionation  of  yeast  extracts  led  to  the 
conclusion  that  the  chitinase  activity  was  only  present  in  the  particulate 
fraction,  but  could  not  be  measured  until  after  solubilization  with  digitonin. 
Further  study  of  this  enzyme  is  in  progress  because  of  its  possible  involve- 
ment in  the  process  of  septum  formation. 

B-1,3-Glucan  synthetase.   Some  important  progress  was  made  in  the  study 
of  this  enzyme,  that  catalyzes  the  formation  of  the  major  structural  compo- 
nent of  the  yeast  cell  wall.   Incubation  of  the  particulate  enzyme  with  ATP, 
followed  by  removal  of  the  nucleotide  by  centrif ugation,  led  to  activation  of 
the  glucan  synthetase.   After  this  treatment,  addition  of  ATP  in  the  reaction 
mixture  did  not  stimulate  further  the  activity.   The  activation  could  be 
reversed  by  incubation  with  alkaline  phosphatase,  therefore,  the  effect  of 
ATP  appears  to  consist  in  a  phosphorylation. 

An  activator  obtained  from  yeast  does  not  seem  to  act  in  this  way,  since 
it  has  to  be  present  in  the  glucan  synthetase  assay  mixture  in  order  to 
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stimulate  the  activity.  The  activator  has  been  extensively  purified  from 
boiled  yeast  extracts  by  passage  through  Dowex  50  cationic  resin,  precipita-  m 
tion  with  Ba  between  pH  2  and  4,  chromatography  through  DEAE-cellulose  and  *1 
Sephadex  G-15 .  During  the  last  step  the  activator,  whose  molecular  weight  , 
seems  to  range  between  600  and  800,  is  separated  from  the  bulk  of  the  inor-  ; 
ganic  polyphosphate  that  accompanies  it  up  to  that  point.  A  further  purifica- 
tion seems  possible  by  thin-layer  chromatography  on  polyethyleneimine  plates.   j 

It  appears  that  the  activator  contains  phosphate,  because  alkaline  phos- 
phatase destroys  its  activity.   Nothing  else  is  known  about  its  structure. 
Work  is  underway  to  a)  label  the  activator  with   P  "in  vivo"  b)  isolate 
larger  amounts  of  this  substance.   It  is  hoped  that  these  approaches  will 
facilitate  identification  of  the  unknown  substance. 

Another  important  result  was  that  glucan  synthetase,  as  chitin  synthe- 
tase, is  associated  with  the  plasma  membrane.   The  significance  of  these 
findings  is  illustrated  by  the  following  considerations:   the  growth  of  a 
yeast  cell  is  asymmetric,  i.e.  the  cell  wall  of  the  bud  is  growing  while 
that  of  the  mother  cell  has  already  b  ien  completed  in  the  previous  generation. 
Therefore,  a  differential  regulation  of  cell  wall  formation  is  required. 
Since  glucan  synthetase,  the  enzyme  responsible  for  the  formation  of  the 
major  structural  component  of  the  cell  wall,  is  on  the  plasma  membrane,  this 
means  that  that  portion  of  the  enzyme  which  is  on  the  bud  membrane  is  func- 
tioning while  the  synthetase  on  the  mother  cell  membrane  is  not.   Clearly,  a 
localized  regulation  of  the  enzyme  is  necessary  for  growth.   It  appears  possi- 
ble that  ATP  and  the  activator  may  be  involved  in  the  regulatory  process.   In 
this  connection,  it  seems  important  that  the  enzyme  can  be  reversibly  convert- 
ed by  ATP  from  an  inactive  to  an  active  state. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

The  ongoing  and  proposed  work  deals  with  fundamental  processes  of 
differentiation  and  morphogenesis  that  occur  in  all  living  cells.   More 
knowledge  about  such  basic  processes  is  essential  for  our  understanding  of 
cellular  function  both  in  health  and  in  disease. 

Proposed  Course  of  Project: 

See  Summary. 

Publications: 

Molano,  J.,  Duran,  A.,  and  Cabib,  E. :   A  rapid  and  sensitive  assay  for 
chitinase  using  tritiated  chitin.   Anal.  Blochem.  83,  648-656,  1977. 

Duran,  A.,  and  Cabib,  E. :   Solubilization  and  partial  purification  of  yeast 
chitin  synthetase.   J.  Biol.  Chem. ,  in  press. 
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Cabib,  E.,  Duran,  A.,  and  Bowers,  B. :   Localized  activation  of  chitin  synthe- 
tase in  the  initiation  of  yeast  septum  formation.   In  Trinci,  A.P.J. ,  Ed: 
Symposium  on  Wall  &  Hyphal  Growth  of  the  British  Mycological  Society. 
Cambridge,  Cambridge  University  Press,  in  press. 
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SUMMARY  OF  WORK  (200  «ords  or  less  -  underline  keywords) 

Our  Studies  are  directed  towards  the  relationship  of  protein  sequence  to 
conformation  and  enzymic  activity.   The  digestive  enzyme,  pepsin,  is  synthe- 
sized as  an  inactive  precursor  pepsinogen.   We  are  interested  in  the 
molecular  basis  of  the  proteolytic  activity  of  the  enzyme,  how  this  is 
suppressed  in  the  zymogen  and  is  induced  during  activation. 
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Project  Description: 


Methods  Employed  -  Visible  and  ultraviolet  spectroscopy:   Optical 
rotatory  dispersion  and  circular  dichroism;  Viscosity;  Enzyme  assays;  Rapid 
kinetic  techniques  using  stopped  flow  and  T-jump  apparatus. 

Major  Findings  -  The  denaturation  of  pepsinogen  by  urea  has  been 
studied  as  a  function  of  pH  and  temperature.   Kinetic  experiments  have  shown 
the  transition  to  be  fully  reversible  and  to  show  two  state  behavior  in  the 
pH  range  covered  (6-8) .   The  free  energy  of  stabilization  of  the  native  pro- 
tein, AG,  is  only  6-12  Kcal  mol~  .   The  temperature  dependence  of  the  equili- 
brium yields  the  other  thermodynamic  parameters  AM  -  31.5  Kcal  mol~  , 
AS  =  105  cal  deg"-'-  mol~^  and  ACp  =  5215  cal  deg~^  mol"-'-. 

The  denaturation  of  pepsin  by  high  pH  and  by  denaturants  has  been 
reinvestigated.   Freshly  prepared  enzyme,  which  was  immediately  inactivated 
by  a  covalent  inhibitor  (diazoacetylglycine  ethyl  ester) ,  was  used  to  avoid 
the  complications  of  autolysis.   Denaturation  above  pH6  produced  a  small 
expansion  of  the  molecule  with  some  loss  of  secondary  structure,  whereas 
high  concentrations  of  guanidine  hydrochloride  changed  both  native  and 
alkali  denatured  pepsin  to  cross  linked  random  coils.   All  these  reactions 
were  irreversible.   Removal  of  denaturing  conditions  produced  aggregation 
and  precipitation  of  protein.  These  studies  indicate  that  the  conformation  of 
pepsin  is  largely  predetermined  in  pepsinogen. 

Circular  dichroism  was  used  to  determine  the  contribution  of  induced 
optical  activity  in  the  guest  to  the  previous  previously  measured  specific 
rotation  of  a  number  of  cycloamylose-  p-nitrophenolate  complexes.   The  sign 
and  magnitude  of  the  induced  Cotton  effects  are  compatible  with  a  model  in 
which  the  guest  entered  the  cycloamylose  cavity  nitro  group  first.   There  was 
no  indication  of  conformational  changes  in  the  cycloamylose  itself. 

Proposed  Course  of  Project  -  A  series  of  pepsin  inhibitory  peptides 
containing  spectrophotometric  reporter  groups  are  being  synthesized.   These 
will  be  used  to  investigate  the  mechanism  of  the  enzyme  using  proteolytic 
activity  assays,  spectrophotometric  binding  studies  and  fast  kinetic 
techniques. 

A  number  of  acid  proteases,  mainly  of  fungal  origin,  are  not  synthesized 
as  zymogens.   Denaturation  studies,  similar  to  those  performed  on  pepsin, 
should  show  how  these  proteins  can  fold  to  their  active  conformations  after 
synthesis. 

Conformational  studies  are  to  be  extended  to  other  cycloamylose  guest 
complexes  using  spectrophotometric  and  kinetic  techniques. 
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Ahmad,  F.  and  McPhie,  P. :   Intrinsic  viscosities  of  randomly  coiled  glyco- 
proteins.  Int.  J.  Biochem. ,  in  press. 
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of  p-nitrophenolate  cycloamylose  complexes.  Bioorganic  Chemistry  6:  465-471 
1977. 
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McPhie,  P. :   On  the  apparent  inhibition  of  intramolecular  activation  of 
pepsinogen  by  pepsin  substrates.   J.  Biol.  Chem.  242:  4438-4439,  1977. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  present  work  includes  1)  identification  of  a  new  thionucleotide  produced 
in  E,.  coli  after  infection  with  bacteriophage  \,    and  a  study  of  the  tRNA 
species  thus  modified,  and  2)  a  search  for  E^.  coli  mutants  having  an  absolute 
deficiency  of  one  or  the  other  of  the  enzymes  responsible  for  the  production 
of  4-thiouridine  in  tRNA. 
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Major  Findings  and  Proposed  Course  of  Work: 

1.  New  thionucleotide  Cwith  S.  Adhya) .   The  new  thionucleotide  produced 
in  E^.  coli  tRNA  after  X  infection  appears  to  have  a  guanosine  nucleus,  on 
the  basis  of  purine-labeling  expriments.   It  arises  from  the  introduction 

of  a  sulfur  into  a  previously-existing  methylguanosine  as  the  result  of  a 
phage-coded  enzyme.   We  hope  to  have  a  known  compound  shortly  for  compara- 
tive purposes,  but  on  the  basis  of  its  high  pK  and  its  chemical  and  chroma- 
tographic behavior,  it  seems  possible  that  it  may  be  7-methyl-6-thioguanosine. 

One  major  species  of  coli  tRNA  is  modified  in  this  way,  along  with  about 
two  very  minor  ones.   These  have  been  highly  purified  Cabout  300  fold)  from 
the  tRNA  of  infected  bacteria,  and  we  expect  to  identify  the  amino  acid 
species  involved  -  unless,  of  course,  they  have  been  inactivated  as  amino 
acid  acceptors  by  the  thiolation.   The  role  of  this  reaction  in  A-infection 
remains  to  be  determined. 

4 

2.  Search  for  a  4-thiouridineless  mutant.   The  strain  of  "s  U-free" 

E^.  coli  obtained  from  Dr.  Jagger  was  found  to  actually  produce  a  small  amount 
of  s'^U  in  its  tRNA  when  grown  in   S-containing  medium,  although  the  activity 
of  the  first  of  the  two  s  U-containing  enzymes  is  below  the  detectable  level. 
Introduction  of  an  episome  containing  the  appropriate  segment  of  the  _E.  coli 
chromosome  allows  the  normal  level  of  s  u  to  be  produced.   The  search  for 
an  absolute  mutant  continues,  along  with  the  search  for  strains  lacking  in 
the  second  thiolation  enzyme. 

Publications: 

Lipsett,  M.  N. :  The  isolation  of  a  4-thiouridine-containing  disulfide  from 
oxidized  Escherichia  coli  tRNA  is  not  artifactual.  Arch.  Biochem.  Biophys. 
187,  272-273,  1978. 

Lipsett,  M.  N. :   The  enzymes  producing  4-thiouridine  in  Escherichia  coli 
transfer  RNA:   Their  approximate  chromosomal  locations  and  their  activities 
in  a  4-thiouridine-deficient  mutant.   J.  Bacteriol. ,  submitted. 
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SUMMARY  OF    WORK  (200  words  or  less  -  underline  keywords) 

The  outer  membrane  of  Escherichia  coli  serves  as  the  initial  permeability 
barrier  of  the  cell,  allowing  passive  diffusion  of  hydrophylic  molecules. 
It  is  composed  primarily  of  proteins,  phospholipids  and  lipopolysaccharides . 
We  have  isolated  a  variety  of  mutant  strains  whose  outer  membranes  are  both 
missing  major  proteins  normally  present  and  contain  new  major  proteins  not 
previously  described.   We  have  examined  the  phenotypic  effects  on  the  cell 
of  the  loss  of  major  outer  membrane  proteins  and  how  these  effects  have  been 
compensated  for  by  the  appearance  of  the  new  major  outer  membrane  protein 
trtat  we  call -p-potein  E.   Protein  E  r&&£are&  the  selec^i^^g  permeab-ility  of 
the  outer  membrane  to  small  hydrophylic  molecules  lost  in  mutant  strains 
missing  certain  major  outer  membrane  proteins.   We  have  purified  and 
characterized  protein  E,  isolated  new  bacteriophages  which  specifically  use 
protein  E   as  a  receptor,  shown  that  protein  E  is  a  bacteriophage-receptor 
for  other  bacteriophages,  and  prepared  purified  antibodies  to  both  protein  E 
and  the  new  bacteriophages.   We  have  also  located  a  dominant  gene,  that  we 
call  nmpA,  which  is  responsible  for  the  phenotypic  expression  of  protein  E. 
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Project  Description: 

Objectives : 

The  goal  of  this  project  is  to  define  the  physiological  role  of 
individual  membrane  components.   Ultimately  these  studies  will  lead  to  an 
understanding  of  the  biosynthesis,  translocation,  sequestration  and 
function  of  these  components. 

Specific  goals: 

1.  To  examine  regulation  of  the  amount  of  peptidoglycan-associated 
proteins  found  in  the  outer  membrane. 

2.  To  prepare  mutant  strains  of  bacteria  with  altered  levels  of 
individual  proteins,  phospholipids  and  lipopolysaccharides  and  use  these 
strains  to  determine  the  role  of  these  components  in  cellular  functions 
such  as  transport,  conjugation,  metabolism,  and  sensitivity  to  antibiotics, 
bacteriocins  and  bacteriophages. 

Major  Findings: 

1.  Nearly  isogenic  strains  of  Escherichia  coli  which  carry  one  or 
more  mutations  leading  to  altered  levels  of  one  or  more  major  outer  membrane 
proteins  have  been  prepared  and  genetically  characterized.   The  genetic  loci 
involved,  tolF,ompA,par , ompB  and  nmpA,  have  a  role  in  the  phenotypic 
expression  of  the  four  major  outer  membrane  proteins.  The  genetics  make-up 
of  a  strain  determines,  in  part,  the  phenotypic  response  to  alterations  in 
the  protein  composition  of  the  outer  membrane.   Therefore,  nearly  isogenic 
strains  must  be  compared  to  isolate  the  effects  of  individual  mutations. 

2.  We  have  previously  shown  that  Escherichia  coli  tolF  strains  are 
missing  a  single  major  outer  membrane  protein,  protein  la.   Starting  with  a 
tolF  strain,  we  isolated  a  par  mutant  that  we  showed  was  also  missing 
protein  lb.   Proteins  la  and  lb  are  involved  with  the  diffusion  of  nutrients 
like  sugars  and  amino  acids  across  the  outer  membrane  barrier.   The  tolF  par 
double  mutant  exhibited  a  markedly  reduced  uptake  of  these  substances  and 
grew  very  slowly.   The  slow  growth  was  presumably  a  reflection  of  the  reduced 
permeability  of  the  outer  membrane.   More  rapidly  growing  spontaneous  mutants 
appeared  in  cultures  of  tolF  par  double  mutants  and  we  found  that  these 
strains  contained  a  major  outer  membrane  protein  that  had  not  been  previously 
described  which  we  call  protein  E. 

The  antibiotic  sensitivity  to  a  variety  of  antibiotics  such  as  amino- 
glycosides, tetracyclines,  chloramphenicol,  and  polymyxin  B,  lost  as  a 
result  of  the  tolF  mutation  (protein  la  )  was  regained  in  strains  that  carry 
the  protein  E.  (proteins  la",  lb  ,  E  ) .   The  uptake  of  amino  acids  and  sugars 
in  these  strains  was  markedly  increased  to  nearly  normal  levels.   These  data 
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indicate  that  protein  E  functions  to  restore  the  selective  permeability  of 
the  outer  membrane  to  low-molecular  weight  hydrophylic  molecules. 

3.  Two  new  bacteriophages,  TC45  and  TC23,  have  been  isolated  which 
use  protein  E  as  at  least  part  of  their  receptor.   These  bacteriophages 
have  a  morphology  similar  to  T-even  bacteriophages  but  TC45  and  TC23  are 
distinct  in  properties  such  as  plaque  morphology,  buoyant  density,  and 
burst  size.   Specific  antibodies  prepared  against  bacteriophage  TC45 
and  purified  show  strong  cross  reactivity  with  bacteriophage  TC23. 

4.  Protein  E  has  been  purified  to  homogeneity  and  characterized 
(molecular  weight,  amino  acid  composition,  N-terminal  amino  acid,  sugar 
phosphorous,  and  lipid  content). 

Protein  E  is  strongly  associated  with  the  peptidoglycan  layer  of  the 
cell  envelope.   Since  the  peptidoglycan  layer  lies  inside  the  outer  membrane 
and  since  protein  E  serves  as  a  receptor  for  certain  bacteriophages  (see  #5, 
below)  it  is  likely  that  protein  E  spans  the  outer  membrane.   This  is  an 
appropriate  orientation  for  a  membrane  protein  that  we  believe  is  involved  in 
the  formation  of  pores  to  facilitate  the  diffusion  of  low  molecular  weight 
hydrophylic  compounds  (see  it2,    above). 

5.  The  purified  protein  E  inactivated  bacteriophages  TC45  and  TC23. 
This  inactivation  was  inhibited  by  antibody  specific  for  protein  E.   These 
data  indicate  that  protein  E  forms  at  least  part  of  the  receptor  for  these 
bacteriophages.   The  bacteriophage  inactivating  capacity  of  pure  protein  E 
was  enhanced  by  added  lipopolysaccharide  whereas  lipopolysaccharide  alone 
had  no  effect.   This  may  indicate  that  the  lipopolysaccharide  interacts  with 
protein  E  to  form  a  more  effective  receptor.   Alternatively,  lipopoly- 
saccharide may  simply  prevent  aggregation  of  protein  E.   This  possibility  is 
supported  by  the  observation  that  purified  protein  E,  containing  5%  lipo- 
polysaccharide, is  unstable  and  loses  its  capacity  to  inactivate  bacterio- 
phage TC45  within  one  week  whereas  a  preparation  containing  19%  lipopoly- 
saccharide is  stable. 

6.  The  phenotypic  expression  of  protein  E   is  associated  with  a 
mutation  at  a  locus  on  Escherichia  coli  chromosome  that  we  call  nmpa.   nmpA 
is  located  between  rbsK  and  uncA  at  82.7  min  on  the  Escherichia  coli  linkage 
map.   The  mutant  nmpA  allele  is  dominant,  suggesting  that  the  mutation  that 
leads  to  the  synthesis  of  protein  E  may  be  in  a  promoter  region. 

Proposed  Course  of  Project: 

1.   Pore  Specificity.   Peptidoglycan-associated  proteins  are  intimately 
involved  in  the  formation  of  "pores"  in  the  outer  membrane  protein  E  apparent- 
ly has  at  least  some  of  these  functions.   We  will  compare  the  specificity  of 
various  peptidoglycan-associated  proteins  in  promoting  the  diffusion  of  small 
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hydrophylic  molecules  Csugars,  amino  acids,  nucleotides)  across  the  outer 
membrane  barrier. 

2.  Related  Function.   We  will  examine  the  possibility  that  different 
major  outer  membrane  proteins  can  substitute  for  each  other.   For  example, 
protein  E  can  restore  functions  lost  by  other  outer  membrane  proteins  like 
protein  II   (associated  with  sensitivity  to  certain  colicins  and  bacterio- 
phages as  well  as  a  decreased  efficiency  of  conjugation) ,  the  tsx  protein 
(associated  with  nucleoside  uptake)  or  the  lamB  gene  product  (associated  with 
phage  lambda  sensitivity  and  uptake  of  maltodextrans) . 

3.  Control.   We  will  examine  the  effects  of  the  insertion  of  protein  E 
into  the  outer  membrane  on  the  levels  and  functions  of  other  major  outer 
membrane  proteins. 

4.  Colicin  A.  Receptor.   We  have  noted  that  all  strains  missing 
detectable  amounts  of  protein  la  are  completely  resistant  to  colicin  A.   We 
will  determine  if  protein  la  is  the  outer  membrane  receptor  for  colicin  A 
by  attempting  to  demonstrate  an  i^  vitro  inactivation  of  colicin  A  with 
purified  protein  la  and  show  that  specific  antibody  to  protein  la  interferes 
with  this  inactivation. 

5.  Antibiotic  sensitivitity.   We  have  shown  that  changes  in  the 
phospholipid  composition  of  the  outer  membrane  in  pss  mutants  result  in  an 
increased  sensitivity  to  certain  hydrophylic  antibiotics  whereas  the  absence 
of  protein  la  in  tolF  strains  has  the  opposite  effect.   By  constructing 
strains  which  carry  various  combinations  of  mutations  affecting  the  composi- 
tion of  the  outer  membrane  we  may  be  able  to  clarify  how  individual  outer 
membrane  components  are  involved  with  antibiotic  sensitivity. 

Publications: 

1.  Chai,  T.  and  Foulds,  J.:   Purification  of  outer  membrane  protein  A  miss- 
ing in  Escherichia  coli  K-12  ompA  mutants.   Biochem.  Biophys.  Acta  493: 
210-215,  1977. 

2.  Raetz,  C  and  Foulds,  J.:   Envelope  composition  and  antibiotic  hyper- 
sensitivity of  Escherichia  coli  mutants  defective  in  phosphatidylserine 
synthetase.   J.  Biol.  Chem.  252:   5911-5915,  1977. 

3.  Deutscher,  M.  P.,  Foulds,  J.,  and  Setlow,  P.:   relA  overcomes  the  slow 
growth  of  ccA  mutants.   J.  Mol.  Biol.  117:   1095-1100,  1977. 

4.  Foulds,  J.  and  Chai,  T.:   Defeat  of  colicin  tolerance  in  Escherichia 
coli  ompA  mutants.   Evidence  for  an  interaction  between  colicin  L-JF246  and 
the  cytoplasmic  membrane.   J.  Bacterid.  133:   156-164,  1978. 
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5.  Foulds,  J.  and  Chai,  T.:   A  new  major  outer  membrane  protein  found  in  an 
Escherichia  coli  tolF  mutant  resistant  to  phage  Tulb.   J.  Bacteriol.  133: 
1478-1488,  1978. 

6.  Chai,  T.  and  Foulds,  J. :   Isolation  and  characterization  of  two  bacterio- 
phages which  utilize  a  new  Escherichia  coli  major  outer  membrane  protein  as 
part  of  their  receptor.   J.  Bacteriol.  (in  press). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Spermidine  can  partially  substitute  for  glucocorticoid  in  vivo,  in 
relation  to  mammary  cell  differentiation. 

Mammary  cells  from  mature  virgin  mice  cannot  synthesize  milk-proteins 
under  the  influence  of  lactogenic  hormones  in  the  presence  of  inhibitors  of 
DNA  synthesis.   The  block  in  the  formation  of  the  milk-proteins  is  at  a  post- 
transcriptional  level. 

Externalized  mammary  nuclei  can  synthesize  DNA  for  about  90  minutes. 
Addition  of  dialyzed  sera  after  this  time  can  reactivate  the  DNA  synthesis. 
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Project  Description: 

Obejctives  -  To  study  the  molecular  and  cytological  phenomena  involved 
in  development  of  the  mammary  gland.   This  includes  attempts  to  understand 
the  mechanism  of  action  of  insulin,  prolactin,  placental  lactogen,  gluco- 
corticoids, estrogen  and  progesterone  on  this  tissue. 

Methods  Employed  - 

A.  In  Vitro.   Mammary  gland  explants,  mammary  epithelial  cells,  or 
mammary  cell  nuclei  are  cultured  in  synthetic  media.   Synthesis  of  a-lact- 
albumin  is  followed  by  measuring  the  formation  of  lactose  in  tissue  extracts. 
DNA  and  RNA  synthesis  are  studied  using  conventional  methods.   DNA  synthesis 
is  inhibited  by  the  addition  of  l-S-D-arabinosylcytosine  or  fluorodeoxy- 
uridine.   Casein  m-RNA  is  assayed  by  excess  c-DNA  hybridization. 

B.  In  Vivo.   Male  mice,  intact  as  well  as  hormone-ablated,  are  treated 
with  various  hormone  combinations.   Growth  of  the  mammary  epithelium  is  moni- 
tored in  stained,  whole-mount  preparations.   Differentiation  is  monitored  by 
assaying  for  a-lactalbumin  activity. 

Major  Findings  - 

A.  The  epithelium  in  the  mammary  gland  of  the  adult  male  mouse  resem- 
bles the  anlage  in  the  embryonic  female.   We  have  therefore  used  the  male 
animal  as  a  convenient  source  of  embryonic-like  mammary  epithelium.   It  has 
been  observed  that  appropriate  hormone  treatment  ^  vivo  can  elicit  growth 
and  differentiation  of  the  male  epithelium  equivalent  to  that  which  occurs 
in  the  pregnant  female.   Last  year  it  was  reported  that  administration  of 
estrogen  to  castrated,  adrenalectomized  male  mice  caused  the  formation  of 
mammary  ducts  which  could  differentiate  J^  vitro  in  the  presence  of  insulin, 
glucocorticoid  and  prolactin.   It  was  concluded  that  progesterone  serves 
solely  as  a  growth  promoter  for  mammary  epithelium,  but  has  no  positive 
function  in  its  differentiation.   More  recently  it  has  been  observed  that  the 
ducts  in  these  male  mice  also  differentiate  in  vivo,  in  spite  of  the  absence 
of  glucocorticoid.   This  is  explainable  on  the  basis  of  the  high  levels  of 
spermidine  in  the  serum  of  these  animals.   Apparently  spermidine  can  effec- 
tively substitute  for  glucocorticoid  Jiii  vivo,  as  well  as  in  vitro  (reported 
previously),  in  terms  of  mammary  development. 

B.  Last  year  it  was  reported  that  mammary  cells  from  mature  virgin  mice 
must  traverse  the  cell-cylce  in  order  to  be  able  to  synthesize  milk-proteins 
in  vitro  in  response  to  the  lactogenic  hormones.   Prevention  of  such  traver- 
sal does  not  preclude  ultrastructural  development,  however.   The  block  in 
milk-protein  synthesis  imposed  by  inhibitors  of  DNA  synthesis  has  now  been 
partially  delineated,  using  excess  c-DNA  hybridization.   Casein  m-RNA 
synthesis  is  unaffected  under  these  conditions.   Thus,  the  block  in  milk- 
protein  synthesis  is  at  a  post-transcriptional  level,  and  is  either  trans- 
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lational  or  post-translational. 


C.   Externalized  mammary  nuclei,  free  from  intact  cells,  can  synthesize 
DNA  for  about  90  minutes.   Addition  of  various  dialyzed  sera  at  this  time, 
can  reactivate  DNA  synthesis.   The  serum-stimulated  synthesis  appears  to 
represent  authentic  DNA  synthesis.   Prolactin,  but  not  insulin,  can  tran- 
siently reactivate  DNA  synthesis  when  added  after  90  minutes. 

Proposed  Course  of  Project  - 

A.  Mammary  alveolar  formation  under  the  influence  of  progesterone  will 
be  used  as  a  model  system  for  studying  control  of  morphogenesis. 

B.  We  will  attempt  to  further  delineate  the  block  in  the  virgin 
mammary  cells  which  is  imposed  by  inhibitors  of  DNA  synthesis.   Specifically, 
we  will  try  to  determine  whether  it  is  at  a  translational  or  post-trans- 
lational level. 

C.  The  serum  factor (s)  which  activate  DNA  synthesis  in  isolated 
mammary  nuclei  will  be  further  characterized. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute  - 

Hormones  are  involved  in  normal  growth  and  development,  and  are  impli- 
cated in  many  disease  states.   The  mammary  gland  system  provides  an  excellent 
opportunity  to  increase  our  understanding  about  the  ways  in  which  a  number  of 
different  types  of  hormones  interact  with  target  cells. 

Publications: 

Colette  S.  Freeman  and  Yale  J.  Topper:   "Progesterone  and  Glucocorticoid 
in  Relation  to  the  Growth  and  Differentiation  of  Mammary  Epithelium". 
J.  Toxicology  and  Environmental  Health,  ^,  269-282,  (1978). 

Colette  S.  Freeman  and  Yale  J.  Topper,  "Progesterone  is  not  Essential 
to  the  Dif f erentiative  Potential  of  Mammary  Epithelium  in  the  Male 
Mouse".   Endocrinology  in  press. 

Vonderhaar,  B.  K. ,  Smith,  G.  H. ,  Pauley,  R.  J.,  Rosen,  J.  M,  and 
Topper,  Y.  J.,    "A  Difference  between  Mammary  Epithelial  Cells  from 
Mature  Virgin  and  Primiparous  Mice".   Cancer  Research  in  press. 

Kuryl,  T. ,  Zwierzchowski,  L.,  and  Topper,  Y.  J.,  "Serum  Factor-  and 
Prolactin- induced  Stimulation  of  DNA  from  Mammary  Tissue",  in  "Structure 
and  Function  of  the  Gonadotropins  FSH,  LH,  LCG,  and  Prolactin". 
Plenum  Press,  in   press. 
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SUMMARY  OF  «iORK  (200  .^ords  or  less  -  underline  keywords) 

L-TO/oinositol  1-phosphate  synthase  (EC  5.5.1.4),  the  oxidoreductase  which 
catalyzes  the  de   novo   synthesis  of  TO/oinositol,  has  been  purified  from  rat 
testis  to  homogeneity  by  successive  chromatography  on  columns  of  DEAE-cellulose, 
Ultrogel,  glucose  6-phosphate  linked  to  epoxy-activated  Sepharose  (affinity) , 
and  hydroxylapatite.   The  molecular  weight  has  been  ascertained  at  210,000  by 
gel  filtration  on  Sephadex,  electrophoresis  on  polyacrylamide  gel,  and  ultra- 
centrifugal  sedimentation  equilibrium.   Dissociation  with  sodium  dodecyl  sul- 
fate leads  to  a  single  subunit  of  molecular  weight  68,000,  a  finding  that 
tentatively  places  the  native  enzyme  in  the  rare  group  of  trimeric  enzymes. 
The  enzyme  has  an  absolute  requirement  for  NAD"*". 
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Project  Description: 

Objective  -  Purification  of  inositol  1-phosphate  synthase. 

Methods  -  The  ammonium  sulfate  pellet  from  rat  testis  supernatant  was 
chromatographed  successively  on  DEAE-cellulose,  Ultrogel,  an  affinity 
adsorbent  prepared  by  the  reaction  of  glucose  6-phosphate  with  epoxy-acti- 
vated  Sepharose,  and  hydroxy lapatite.   The  activity  was  assayed  by  incu- 
bation of  the  enzyme  with  glucose  6-phosphate  and  NAD   followed  by  specific 
inositol  1-phosphatase  (EC  3.1.3.25)  and  measurement  of  inorganic  phosphate 
released.   Molecular  weight  was  determined  by  comparison  with  known  enzymes 
on  gel  filtration  with  Sephadex  G-200  and  electrophoresis  on  polyacrylamide 
gel,  and  by  sedimentation  equilibrium  in  the  ultracentrifuge.   Subunits  were 
shown  by  polyacrylamide  gel  electrophoresis  of  sodium  dodecyl  sulfate  dis- 
sociated enzyme. 

Major  Findings  -  By  exploitation  of  three  different  principles  of  chroma- 
tographic separation,  charge  differences  by  DEAE-cellulose  and  hydroxyla- 
patite,  size  by  Ultrogel,  and  biospecif icity  by  affinity,  inositol  1-phos- 
phate synthase  was  purified  to  homogeneity.   The  molecular  weight  was  found 
to  be  210,000  by  three  independent  methods,  gel  filtration,  electrophoresis, 
and  ultracentrifugation.   A  single  subunit  of  molecular  weight  68,000  was 
found,  evidence  which  tentatively  assigns  this  enzyme  to  the  rare  group  of 
trimeric  enzymes,  of  which  only  two  others  have  been  found  in  mammals.   The 
enzyme  has  an  absolute  requirement  for  NAD  .   Km  for  glucose  6-phosphate  is 
0.7  mM  and  for  NAD"*",  0.025  mM. 

Significance  -  Inositol  1-phosphate  synthase,  although  an  oxidoreductase, 
differs  from  the  epimerases  in  utilizing  non-nucleotide  phosphorylated  sub- 
strate.  This  difference  is  shared  with  only  one  other  oxidoreductase,  5-de- 
hydroquinate  synthase,  which  occurs  in  microorganisms  only;   inositol  1-phos- 
phate synthase  therefore  holds  a  unique  position  among  mammalian  oxidoreduc- 
tases.   That  it  is  an  oxidoreductase  is  based  solely  on  its  requirement  for 
NAD"*"  and  the  fact  that  substrate  and  product  are  isomers;   there  is  no  net 
synthesis  or  utilization  of  NADH.   To  elucidate  conclusively  intermediate  oxi- 
dized and  reduced  forms  on  the  biosynthetic  pathway,  pure  enzyme  free  of 
other  activities  is  required  and  it  is  this  lack  of  purified  enzyme  that  has 
hampered  progress  in  defining  the  pathway.   The  synthase  reaction  accounts 
for  all  de  novo   synthesis  of  mi/oinositol,  the  principal  monomeric  sugar  of 
the  brain  and  the  precursor  of  phosphatidylinositol,  the  phospholipid  unique- 
ly involved  in  membrane  transmission  of  stimuli  from  the  environment  to  with- 
in the  cell.   Disturbance  in  the  metabolism  of  either  free  or  bound 
cyclitol  may  account  for  the  neuropathy  associated  with  diabetes. 

Proposed  Course  -  The  reaction  catalyzed  by  the  pure  enzyme  will  be 
studied  with  the  aim  of  identifying  intermediate  oxidized  and  reduced  sugar 
phosphates.   Crystallization  of  the  purified  enzyme  will  be  attempted  to 
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ascertain  by  physical  methods  whether  the  enzyme  is  in  fact  a  trimer,  as  the 
molecular  weights  of  native  and  dissociated  enzyme  suggest.   The  method  of 
purification  will  be  applied  to  mutant  yeast  deficient  in  the  ability  to 
synthesize  inositol  1-phosphate  in  further  attempts  to  elucidate  the  bio- 
synthetic  pathway.   This  last  project  is  underway  in  collaboration  with 
Dr.  Susan  Henry,  Department  of  Genetics,  Albert  Einstein  College  of  Medicine, 
New  York. 

Publications : 


Majumder,  A.  L.  and  Eisenberg,  F.  Jr.:   The  unequivocal  demonstration 
of  fructose  1, 6-bisphosphatase  in  mammalian  brain.   Proc.  Nat.  Acad. 
Sci.,  USA,  (1977)  1±,    ■hlll-Zll'b . 

Eisenberg,  F.  Jr. :   Intermediates  in  the  synthase  reaction.   "Cyclitols 
and  Phosphoinositides",  W.  W.  Wells  and  F.  Eisenberg,  Jr.,  eds.. 
Academic  Press,  NY,  1978,  in  press. 

Tomita,  T. ,  Maeda,  T  ,  Hasegawa,  R. ,  and  Hayashi,  E.:   Abnormal  lipid 
metabolism  due  to  TO/oinositol  deficiency  in  rats  and  yeast.   "Cyclitols 
and  Phosphoinositides",  W.  W.  Wells  and  F.  Eisenberg,  Jr.,  eds.. 
Academic  Press  NY,  1978,  in  press. 
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SUMMARY  OF  WORK  (200  «onis  or  less  -  underline  keywords) 

A  high  proportion  (9  out  of  11  strains)  of  cultured  skin  fibroblasts  from 
patients  with  mucolipidosis  II  (I-cell  disease)  possess  abnormally  high  intra- 
cellular levels  of  free  cystine  and  in  this  respect  mimic,  at  least  superfici- 
ally, the  condition  encountered  in  cells  from  individuals  with  cystinosis,  a 
hitherto  unrelated  disease.   In  contrast,  all  of  four  strains  of  cells  from 
patients  with  the  biochemically  similar,  but  clinically  less  severe,  mucolipi 
dosis  III  (pseudo-Hurler  polydys trophy)  were  found  to  possess  essentially 
normal  intracellular  levels  of  this  amino  acid.   Results  of  amino  acid  analysis 
indicated  that,  as  with  cystinotic  cells,  the  elevation  of  cystine  seen  in 
I-cell  fibroblasts  is  unique  to  that  amino  acid  and  does  not  simply  reflect  a 
generalized  increase  in  total  intracellular  amino  acid  content.   These  obser- 
vations appear  to  strengthen  the  notion  that  a  defective  lysosomal  function  may 
constitute  the  underlying  abnormality  in  human  cystinosis. 
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Project  Description: 

Objectives  -  To  define  the  biochemical  defect  which  underlies  human 
cystinosis,  an  often  fatal  inherited  disorder  characterized  by  the  abnormal 
accumulation  of  the  amino  acid  cystine  within  cells  of  affected  individuals. 

Methods  -  Human  cells  obtained  by  skin  punch  biopsy  are  propagated  con- 
tinuously in  synthetic  nutrient  medium  by  standard  tissue  culture  techniques. 
When  derived  from  cystinotic  patients  such  cells  exhibit  the  characteristi- 
cally high  intracellular  levels  of  free  cystine  seen  jji  vivo  and  therefore 
constitute  a  convenient  in  vitro  system  for  biochemical  investigations  of 
this  abnormality.   Cystine  levels  in  cultured  cells  from  normal  and  diseased 
individuals  are  determined  in  a  standard  procedure  involving  rupture  of  the 
washed  cells  in  the  presence  of  the  thiol  reagent  N-ethylmaleimide  followed 
by  precipitation  of  cellular  proteins  with  sulfosalicylic  acid;   the  cystine 
content  of  the  protein-free  fluid  is  then  determined  by  one  of  several  sensi- 
tive analytical  methods. 

Major  Findings  -   Cystine  levels  in  cultured  cells  from  the  hitherto  un- 
related inherited  disorder  mucolipidosis  II  (I-cell  disease)  are  characte- 
rized by  abnormally  high  levels  of  free  cystine.   Of  eleven  I-cell  strains 
thus  far  examined  nine  have  been  found  to  possess  cystine  levels  well  above 
the  normal  range  and,  in  some  cases j  equal  to  or  exceeding  levels  usually 
associated  with  frankly  cystinotic  cells.   By  way  of  contrast,  all  four  cell 
lines  from  patients  with  the  biochemically  similar,  but  clinically  more 
benign,  mucolipidosis  III  were  found  to  possess  essentially  normal  (but 
possibly  slightly  elevated)  intracellular  levels  of  cystine.   Like  cystinotic 
cells,  the  high  intracellular  cystine  levels  in  I-cells  can  be  substantially 
reduced  by  brief  incubation  of  the  cells  with  the  thiol  compound  cysteamine. 
Analysis  of  the  total  free  amino  acid  content  of  several  I-cell  strains  indi- 
cates that  the  elevated  levels  of  cystine  seen  in  these  cells  is  unique  to 
this  amino  acid  and  does  not  reflect  a  generalized  increase  of  amino  acid 
content. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute  - 
Although  human  cystinosis  is  considered  to  be  an  example  of  a  lysosomal 
storage  disease,  it  has  not  as  yet  been  possible  to  relate  the  excessive  intra- 
cellular accumulation  of  cystine  characteristic  of  this  disease  to  a  specific 
lysosomal  defect.   The  fact  that  intracellular  levels  of  cystine  in  cultured 
cells  from  patients  with  I-cell  disease,  a  disorder  characterized  by  multiple 
deficiencies  of  lysosomal  enzyme  activities,  serves  to  strengthen  the  connect- 
ion between  lysosomal  function  and  cystine  metabolism  and  to  this  extent  may 
contribute  to  a  further  understanding  of  the  pathogenesis  of  cystinosis. 

Proposed  Course  -  We  will  continue  our  examination  of  additional  cell 
lines  from  patients  with  mucolipidosis  types  II  and  III  to  establish  more 
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firmly  the  validity  of  our  observations  concerning  intracellular  levels  in 
these  cells.   Additional  experiments  will  be  conducted  in  an  effort  to  de- 
termine whether  a  common  pathogenic  mechanism  underlines  the  abnormal  cystine* 
levels  seen  in  cystinotic  and  I-cell  fibroblasts. 
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Publications: 


Spielberg,  S.  P.,  Kramer,  L.  I.,  Goodman,  S.  I.,  Butler,  J.,  Tietze,  F., 
Quinn,  P.,  and  Schulman,  J.  D.:   5-Oxoprolinuria:   biochemical  obser- 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

When  non-prolif erative  mammary  cells  of  virgin  mice  are  cultured  with 
insulin,  the  cells  are  induced  to  undergo  DNA  synthesis.   Prior  to  the  augmen- 
tation of  DNA  synthesis,  insulin  elicits  sequential  stimulation  of  the  activi- 
ties of  the  polyamine  biosynthetic  enzjnnes ,  ornithine  decarboxylase  (ODC) , 
S-adenosyl-L-methionine  decarboxylase  (S-ado-met  DC)  and  spermidine  synthase 
and  2-3  fold  increase  in  the  intracellular  concentration  of  spermidine.   Inhi- 
bition of  spermidine  formation  by  methyl  glyoxal  bis(guanylhydrazone) ,  MGBG,  an 
inhibitor  of  S-ado-met  DC  prevents  an  increase  in  DNA  synthesis  without  affect- 
ing RNA  and  protein  synthesis.   Exogenous  spermidine  at  physiological  concen- 
trations, however,  reverses  the  MGBG  inhibition  of  DNA  synthesis  to  a  normal 
level.   Spermidine  in  the  absence  of  insulin  does  not  stimulate  DNA  synthesis. 
These  results,  together  with  previous  findings  indicate  that  spermidine  plays  an 
essential  role  for  the  regulation  of  both  cell  proliferation  and  milk  protein 
synthesis  during  the  hormone  dependent  development  of  mammary  epithelium. 
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Project  Description: 


Obejctives  -  The  polyamine  spermidine  is  present  ubiquitously  in  living 
cells,  and  is  currently  considered  to  play  an  important  regualatory  role  in 
the  process  of  growth  and  development  of  mammalian  cells.   Our  objective  is 
to  assess  the  functional  interrelationship  of  hormone  actions  and  polyamines 
during  the  development  of  mammary  gland. 

Methods  -  The  experimental  procedures  employed  in  this  investigation  in- 
clude the  following:   organ  culture  of  mouse  mammary  gland;   preparation  of 
mammary  epithelium  free  of  fat  cells;   isolation  and  quantification  of  the 
polyamines;   enzyme  assays  for  ornithine  decarboxylase,  S-adenosyl-L-methio- 
nine  decarboxylase,  arginase,  spermidine  synthase  and  a-lactalbumin;  a  num- 
ber of  column  chromatography  techniques,  such  as  DEAE,  Sephadex,  hydroxyapa- 
tite,  and  affinity  chromatography;  isolation  of  polysomes  and  various  species 
of  RNAs  by  sucrose  density  gradient   centrifugation;  oligo  dT-cellulose  and 
poly  U-Sepharose  chromatography;  characterization  of  macromolecules  by  SDS- 
gel  electrophoresis,  and  development  of  casein  antibody  and  a  cell-free  poly- 
peptide synthesizing  system. 

Major  Findings  -  To  elucidate  further  the  role  of  spermidine,  we  have 
examined  its  function  in  mammary  cell-proliferation  using  organ  culture  of  / 
mammary  gland  from  virgin  mice.   The  mammary  cells  in  virgin  mice  are  essen-\ 
tially  non-proliferative,  but  they  can  be  induced  to  undergo  DNA  synthesis 
in  vitro  in  the  presence  of  insulin.   Time  course  studies  on  polyamine  bio- 
synthesis and  DNA  synthesis  showed  that  insulin  elicits  sequential  stimula- 
tion of  the  activities  of  the  polyamine  biosynthetic  enzymes,  ornithine  de- 
carboxylase, S-adenosyl-L-methionine  decarboxylase  (SAMDC)  and  spermidine 
synthase,  and  an  increase  in  the  concentration  of  spermidine  prior  to  the 
augmentation  of  DNA  synthesis.   At  48-72  hr  of  culture  when  DNA  synthesis  is 
maximal,  the  concentration  of  spermidine  increased  about  2-fold,  whereas  the 
level  of  spermine  remained  unchanged.   Addition  of  methyl  glyoxal  bis(guanyl- 
hydrazone)  (5-10  yM) ,  a  potent  inhibitor  of  SAMDC,  to  the  medium  at  the  onset 
of  culture  resulted  in  inhibition  of  spermidine  formation  and  DNA  synthesis. 
The  drug,  however,  produced  little  inhibition  of  RNA  and  protein  synthesis. 
This  inhibition  of  DNA  synthesis  can  be  reversed  by  addition  of  spermidine  or 
other  polyamines  such  as  putrescine,  cadaverine  and  spermine  to  the  culture. 
Spermidine  is,  however,  the  only  polyamine  that  is  effective  at  a  physiologi- 
cal concentration  (100-150  pmoles/mg  tissues) .   Thus  spermidine  may  play  a 
key  role  in  the  regulation  of  mammary  cell  proliferation  as  well  as  in  milk- 
protein  synthesis. 


( 


We  have  completed  the  first  phase  of  our  attempts  to  elucidate  the  regulatory 
mechanisms  of  spermidine  biosynthesis  during  hormonal  induction  of  mammary 
development  in  vitro.   The  data  show  that  the  interplay  of  insulin,  glucocor- 
ticoid and  prolactin  causes  the  stimulation  of  a  group  of  spermidine  biosyn- 
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thetic  enzymes,  arginase,  ornithine  decarboxylase,  S-adenosylmethinonine  de- 
carboxylase and  spermidine  synthase.   The  increase  of  the  various  enzyme 
activities  is  not  synchronous  and  differes  in  extent  and  stimulatory  factors 
involved . 

Proposed  Course  of  Project  -  An  understanding  of  the  action  of  the 
polyamines  may  serve  to  reveal  the  complex  regulatory  mechanisms  of  tissue 
growth  and  development.   Such  knowledge  would  certainly  be  useful  for  diag- 
nosis and  treatment  of  various  pathophysiological  disorders,  including  cancer 
and  other  metabolic  diseases. 

We  intend  to  pursue  further  the  elucidation  of  the  regulatory  mechanism  for 
the  biosynthesis  of  spermidine  using  antibody  for  the  polymine  biosynthetic 
enzymes.   We  are  also  undertaking  a  series  of  experiments  to  dissect  the 
mechanism  of  action  of  spermidine  in  the  cell  proliferation  and  in  milk  pro- 
tein synthesis. 
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Oka,  T.,  Sakai,  T. ,  Lundgren,  D.  W. ,  and  Perry,  J.  W. :   Polyamines  in 
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Raven  Press,  in  press.  (1978) . 

Sakai,  T.,  Lundgren,  D.  W. ,  and  Oka,  T.:   Polyamine  biosynthesis  and  DNA 
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J.  Cell.  Physiol.  95,  259,  (1978). 

Lundgren,  D.  W. ,  and  Oka,  T. :   Alterations  in  polyamine  levels  in  rat 
blood  during  pregnancy  and  lactation:   Am.  J.  Physiol,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Approximately  11  lysosomal  enzymes  are  known  to  be  involved  in  the 
degradation  of  mucopolysaccharides.   The  absence  of  any  one  of  these  enzymes 
results  in  the  accumulation  of  incompletely  degraded  glycosaminoglycans  and 
a  corresponding  and  specific  genetic  disease.   A  new  sulfatase,  which 
hydrolyzes  a  linkage  found  in  highly  sulfated  mucopolysaccharides  such  as 
heparin  has  been  found  in  human  urine  and  partially  purified.   Its  absence 
may  lead  to  an  as  yet  unidentified  mucopolysaccharidosis . 
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Project  Description: 

Objectives  -  To  study  the  hereditary  biochemical  defects  of  lysosome 
dysfunction  which  are  responsible  for  a  group  of  interrelated  mucopoly- 
saccharidoses and  to  apply  the  results  of  such  studies  to  clinical  diagnosis 
and  therapy. 

Methods  Employed  - 

1.  Appropriate  radioactive  glycosaminide  and  iduronide  derivatives,  which 
correspond  structurally  to  the  linkages  in  blycosaminoglycans  hydrolyzed  by 
lysosomal  enzymes,  are  prepared  by  chemical  degradation  of  heparin  or  by  syn- 
thesis.  These  corapoounds  are  tested  as  substrates  and  are  used  to  assay  en- 
zymes in  research  studies  and  in  clinical  diagnostic  procedures. 

2.  Standard  methods  of  enzyme  purification  including  molecular  sieving, 
salting  out, ion  exchange  and  affinity  chromatography  are  applied  to  the  puri- 
fication of  lysosomal  hydrolases. 

or  35 

Major  Findings  -  Glucosamine  N-^-'S  sulfate,  a-methyl  glucosaminide  N-  S 

sulfate  and  a-methyl  glucosaminide  N-35s  sulfate,  6-sulfate  were  prepared  and 
tested  as  substrates  for  mucopolysaccharide  N-  sulfatase  activity.   The  ab- 
sence of  this  enzyme  gives  rise  to  the-  Sanf illippo-A  genetic  disorder.   No 
radioactive  sulfate  was  released  from  these  compounds  suggesting  that  the  true 
substrate  is  probably  larger  than  a  disaccharide.   However,  sulfate  was  re- 
leased from  the  N-sulfate,  6-sulfate  derivative  by  a  previously  undescribed 
enzyme  present  in  normal  human  urine.   This  new  enzyme  is  different  from  the 
recently  described  N-acetyl  glucosaminide-6-sulf atase.  It  has  been  purified 
approximately  50  fold  and  some  of  its  properties  examined.   At  this  stage  it 
is  devoid  of  the  relatively  non-specific  aryl  sulfatases  A  and  B  which  are 
abundant  in  urine. 

Proposed  Course  - 

1.  The  direct  method  of  sulfation  used  to  prepare  the  substrate  is 
known  to  sulfate  principally  the  primary  alcohol  in  the  6  position  of  the  glu- 
cose residue,  but  the  final  preparation  of  the  disulfated  glycoside  is  not 
pure.   A  definitive  synthesis  with  appropriate  blocking  groups  will  be  carried 
out. 

2.  The  enzyme  will  be  purified  and  its  properties,  tissue  distribution 
and  possible  absence  in  undiagnosed  mucopolysaccharidoses  will  be  investi- 
gated. 

3.  Preliminary  results  indicate  that  an  affinity  absorbent  prepared  from 
disulfated  anhydromannose  iduronide  may  be  useful  for  the  final  stages  of 
purification  of  iduronate  sulfatase.   A  large  scale  preparation  of  the  sepha- 
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rose  derivative  will  be  tested. 
Publications: 

DiNatale,  P.,  Leder,  I.  G.,  and  Neufeld,  E.  F:   A  radioactive  substrate 
and  assay  for  a-L-iduronidase.   Clinica  Chimica  Acta,  77,  211-218, 
(1977). 

1 
Leder,  I.  G. :   Radioactive  Substrates  for  Iduronate  Sulfatase  and 
a-L-Iduronidase.   Methods  in  Enzymology  1_  150-154,  (1978). 
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SUMMARY  OF  WORK  (200  ^ords  or  less  -  underline  keywords) 

A  temporal  separation  of  helper  T-cell  activities  involved  in  the  in- 
duction of  immunoglobulin  secretion  by  B-cells  has  been  demonstrated.   There 
is  an  early  T-cell  requirement  a  day  or  two  in  advance  if  the  appearance  of 
secretory  cells  as  well  as  a  late  requirement  for  T-cells  in  which  B-cells 
are  stimulated  to  enhanced  secretion  within  minutes.   The  latter  enhancement 
in  the  extracellular  appearance  of  [^Hj-immunoglobulins  in  response  to  thymo- 
cytes occurs  under  circumstances  in  which  the  amount  of  intracellular  [-^h]- 
immunoglobulin  remains  unchanged.   Such  thymus  cell  effects  are  specific  in 
the  sense  that  T-cells  added  to  liver  cells  do  not  affect  the  rate  of  secretion 
of  serum  albumin. 

The  secretory  products  of  thymus  cells  in  response  to  fetal  calf  serum  and  other 
mitogenic  agents  have  been  separated  in  part  and  materials  secreted  in  specific 
response  to  concanavalin  A  and  pokeweed  mitogen  observed. 
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Project  Description: 

Objectives  -  The  purpose  of  this  project  is  to  study  the  differentiat- 
ion of  the  cells  involved  in  the  immune  response  with  regard   to  cell  types, 
cell  interactions  and  control  mechanisms.   During  this  report  period  the 
experimental  work  emphasized  was  as  follows:   (A)  demonstration  of  the  tem- 
poral separation  of  helper  T-cell  functional  activities  involved  in  induct- 
ion of  immunoglobulin  production,  (B)  characterization  of  a  novel  form  of 
T-cell  mediated  stimulation  of  immunoglobulin  production,  and  (C)  characteri- 
zation of  products  (presumably  lymphokines)  secreted  by  thymocytes  in  re- 
sponse to  mitogenic  agents. 

Methods  Employed  -  Cells  were  cultured  in  medium  199  (10%  fetal  calf 
serum) ,   Secreted  products  were  labeled  by  incubating  cells  in  medium  199 
supplemented  with  [3H]-leucine  for  90  minutes  and  thereafter  the  extra- 
cellular fluids  were  isolated.   [■^H]-immunoglobulins  were  assessed  by  copre- 
cipitation  with  carrier  immunoglobulin  and  anti- immunoglobulin.   Thymocyte 
secretion  products  (non- immunoglobulin)  were  characterized  on  appropriate 
Biogel  columns. 

Major  Findings  -  Thymocytes  cultured  with  autologous  spleen  cells  en- 
hance the  extent  of  induction  of  immunoglobulin  secreting  cells  measured  at 
72  hours.   The  thymocyte  mediated  enhancement  was  markedly  reduced  when  the 
addition  of  thymus  cells  to  spleen  cells,  during  the  cell  culture  period, 
was  delayed  as  little  as  two  hours.   Besides  this  early  requirement  for  thy- 
mus cells  it  was  demonstrated  that  thymocyte  enhancement  also  occurs  late  in 
the  process.   Thus  a  four-fold  greater  secretion  of  [3H]-immunoglobulin  was 
observed  even  when  thymus  cells  were  added  during  the  90  minutes  pulse  label 
period  i.e.,  after  spleen  cells  had  completed  the  72  hour  culture  period. 
Nylon  wool  purified  T-cell  enriched  populations  were  as  efficiacious  as  thy- 
mocytes and  there  was  no  histocompatibility  requirement  in  that  rat  thymo- 
cytes functioned  at  least  as  well  as  rabbit  thymus  cells  in  stimulation  of 
rabbit  spleen  populations.   Both  the  spleen  cells  and  thymocytes  were  mito- 
mycin C  sensitive  indicating  a  possible  need  for  either  differentiation  or 
maturation,  during  the  tissue  culture  phase,  of  not  only  B-cells  but  of  T- 
cells  as  well. 


=^ 


The  finding  that  thymus  cells  induce  spleen  cells  to  exhibit  enhanced  secret-i 
ion  of  immunoglobulins  within  minutes,  rather  than  within  days  as  heretofore 
reported,  was  characterized  further.   It  was  observed  that  the  thymocyte-med 
ated  enhancement  of  immunoglobulin  secretion  by  splenocytes  was  detected  wi 
spleen  cells  cultured  for  2  or  3  days  but  not  with  freshly  isolated  cells 
Although  the  rate  of  appearance  of  extracellular  immunoglobulins  was  marked 
ly  enhanced  by  thymus  cells,  the  rate  of  appearance  of  intracellular  immuno 
globulins  in  such  spleen  cells  was  unchanged.   The  secretion  stimulating 
activity  of  thymocytes  appeared  to  be  specific  in  that  thymus  cells  were 
without  effect  on  the  rate  of  secretion  of  serum  albumin  by  liver  cells. 
Moreover  thymus  cells  treated  with  anti-thymocyte  serum  and  complement  lost 
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their  capacity  to  enhance  immunoglobulin  secretion.   On  the  other  hand  sus- 
pensions of  fresh  liver  cells  were  effective  in  stimulating  secretion  as  were 
spleen  cells  treated  to  remove  T-cells  with  anti- thymocyte  serum.   Thus  the 
secretion  enhancing  activity  is  present  in,  but  apparently  not  restricted 
solely  to,  thymus  cells  or  T-cells.   It  is  noteworthy  that  the  thymus  cell 
enhancement  can  also  be  demonstrated  using  a  plaque  assay  for  sheep  RBC 
rather  than  the  pulse  label  assay  used  in  the  bulk  of  this  study. 

Coprecipitation  analysis  of  the  secreted  product  using  specific  antisera  re- 
vealed that  2/3  of  the  rabbit  [3H]-immunoglobulins  in  the  extracellular  fluid 
are  IgM  and  1/3  IgA.   There  was  no  detectable  material  coprecipitated  using 
carrier  egg-albumin  and  anti-egg  albumin  or  rabbit  IgG  and  anti  IgG. 

Secretory  products  of  thymus  cell  populations  were  partially  separated  via 
Biogel  chromatography  as  a  prelude  to  studying  the  materials  in  peaks  for 
their  lymphokine  activities.   Four  peaks  in  order  of  their  rate  of  migration 
can  be  discerned.   Peak  I,  the  most  rapid  migrating  component  is  derived  from 
cortisone  insensitive  cells  and  peak  II  from  cortisone  sensitive  cells.  Fresh- 
ly isolated  thymus  cells  exhibit  peaks  I  and  II.   Peak  III  appears  only  in 
response  to  incubation  of  fresh  cells  with  concanavalin  A  (Con  A)  whereas  peak 
IV  has  been  observed  only  after  incubation  of  thymocytes  with  pokeweed  mito- 
gen for  72  hours  before  labeling  the  secreting  product  by  incubating  the 
cells  with  [-^Hj-leucine.   Studies  with  cortisone  resistant  cells  establish 
that  peak  III  and  IV  materials  must  have  been  derived  from  cortisone  sensi- 
tive cells.   Thymocytes  incubated  in  medium  199  (10%  fetal  calf  serum)  for 
72  hours  before  labeling  did  not  yield  any  peaks.   The  presence  of  Con  A  or 
phytohemagglutinin  in  addition  to  fetal  calf  serum  for  72  hours  before 
labeling  with  [3H]-leucine  yielded  peak  I  only.   It  is  worthy  of  emphasis 
that  peak  III  and  peak  IV  materials  were  induced  only  in  specific  response 
to  Con  A  and  pokeweed  mitogens  respectively. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute  - 
A  knowledge  of  the  control  mechanisms  involved  in  the  induction  of  immuno- 
globulin production  will  have  vital  importance  not  only  in  understanding  how 
the  organism  reacts  to  foreign  antigens,  but  also  may  be  expected  to  affect 
significantly  the  approach  used  in  regard  to  a  number  of  immune  diseases, 
e.g.,  immunodeficiency  diseases,  allergic  disease,  autoimmune  disease  and 
neoplastic  disease  of  lymphoid  cells. 

Proposed  Course  of  Project  -  The  mechanism  by  which  thymocytes  cause  the 
rapid  onset  of  secretion  of  immunoglobulin  by  splenic  B-cells  will  be 
studied  further.   For  example,  the  enhanced  secretion  may  be  due  to  activation 
of  enzymes  which  add  carbohydrate  to  the  immunoglobulin  molecule  as  a  prere- 
quisite for  its  secretion.   Determination  of  the  requirement  for  T-cell: 
B-cell  contact  will  also  be  closely  examined.   The  partially  purified  products 
secreted  by  thymocytes  in  the  presence  of  fetal  calf  serum  and  other  mitogenic 
agents  will  be  tested  for  their  ability  to  function  as  lymphokines  in  order 
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to  relate  their  structure  to  their  function. 

Publications: 

Zimmerman,  D.  H. ,  Gregory,  S.,  and  Kern,  M. :   Differentiation  of 
lymphoid  cells:   The  preferential  binding  of  the  lipid  A  moity  of 
lipopolysaccharide  to  B  lymphocyte  populations.  J^.  Immunol .  119: 
1018-1023,  1977. 

Kern,  M. :   Differentiation  of  lymphoid  cells:   Evidence  for  a  B-cell 
specific  serum  suppressor.   Immunology  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  properties  of  several  enzymes  associated  with  the  endoplasmic 
reticular  membranes  of  rat  liver  and  kidney  have  been  studied  as  a 
function  of  the  age  of  the  animals,  with  special  emphasis  on  changes 
in  latency.   The  latencies  of  two  catalytic  activities  associated  with 
the  same  enzyme,  glucose-6-phosphatase,  were  found  to  show  strikingly 
different  age  related  changes  in  liver  but  not  in  kidney.   The  latency 
of  PP-j-glucose  phosphotransferase  activity  reaches  high  levels  (60-80% 
latent)  soon  after  birth  and  remains  high  throughout  life,  while  the 
latency  of  glucose-6-P  phosphohydrolase  decreases  with  age.   The 
phosphohvdrolase  is  2  to  3  times  more  latent  in  the  liver  of  the 
neonatal  animal  than  in  the  adult. 
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Project  Description: 


Studies  have  been  carried  out  on  the  occurrence  and  properties  of  cer- . 
tain  carbohydrate-related  enzymes  of  the  hepatopancreas  or  midgut  glands  | 
of  marine  invertebrates  compared  with  the  corresponding  enzymes  of  mammalian 
liver.  Limulus  polyphemus,  in  contrast  to  most  other  invertebrates  studied, 
contains  a  particulate  enzyme  with  many  properties  essentially  identical  with 
those  of  mammalian  liver  and  kidney  microsomal  glucose-6-phosphatase.  The  \ 
livers  of  many  higher  animals  contain  a  substrate-specific,  high  Km  hexoki- 
nase,  called  "glucokinase",  which  is  believed  to  function  in  coordination  wi 
glucose-6-phosphatase  in  the  hepatic  recycling  of  glucose  and  glucose-6-P,  a 
so-called  "futile  cycle",  coincident  with  hormonal  and  substrate  regulation 
of  anabolic  and  catabolic  processes.  Although  such  a  "glucokinase"  has  not 
previously  been  observed  in  invertebrates,  we  postulated  that  such  an  enzyme  <■ 
might  well  occur  in  those  invertebrates  in  which  a  true  glucose-6-phosphatase  \ 
had  developed.  A  preliminary  comparative  survey  of  hexokinases  of  livers  and  ' 
liver-like  organs  of  a  number  of  species,  clam,  rock  crab,  starfish,  Limulus ,  ; 
Nereis,  squid,  fish,  frog  and  rat,  has  been  made.  Kinetic  studies  showed  thatj 
the  soluble  fraction  of  Limulus  hepatopancreas  contains,  in  addition  to  at  i 
least  one  low  Km  hexokinase  (K  <  0.1  mM),  a  significant  amount  of  another  { 
such  enzyme  with  a  Km  of  about  7  mM,  nearly  as  high  as  that  of  rat.  An  ' 
appreciable,  glucose-dependent,  reduction  of  NADP  in  the  absence  of  ATP  was  ^i 
noted  with  Limulus  hepatopancreas  supernatants.  This  suggests  the  occurencefi 
of  a  glucose  dehydrogenase  capable  of  initiating  glucose  catabolism  in  the  'I 
absence  of  ATP,  which  might  be  of  more  physiological  importance  in  inverte-  i 
brates  than  in  higher  animals,  where  such  enzjones  are  not  abundant.  I 

A  study  of  developmental  changes  in  the  quantity  and  properties  of  the 
particulate  enzyme  glucose-6-phosphatase  and  its  related  inorganic  phosphate: 
glucose  phosphotransferase  in  rat  liver  and  kidney  has  been  completed.   The 
principal  result  of  this  study  was  the  finding  that  the  latencies,  i.e.,  the 
percentage  of  total  activity  which  is  not  expressed  without  in  vitro  activit- 
ion,  of  two  enzymatic  activities  associated  with  the  same  membrane  bound  en- 
zyme show  strikingly  different  age-related  changes  in  liver.   The  latency 
of  PP^-glucose  phosphotransferase  activity  reaches  high  levels  (60-80%  latent) 
soon  after  birth  and  remains  high  throughout  life,  while  the  latency  of  glu- 
cose-6-P  phosphohydrolase  decreases  with  age.   The  phosphohydrolase  is  2  to  3 
times  more  latent  in  the  liver  of  the  neonatal  animal  than  in  the  adult  and 
this  difference  is  probably  related  to  differences  in  the  ease  with  which  the 
glucose-6-phosphate  substrate  is  able  to  gain  access  to  the  active  site 
of  the  enzyme  molecule  within  the  endoplasmic  reticular  membrane.   The  glu- 
cose-6-P  phosphohydrolase  of  kidney,  in  contrast  to  that  of  liver,  did  not 
show  a  characteristic  decrease  in  latency  with  age.   A  paper  entitled 
"Different  Developmental  Changes  in  Latency  for  Two  Functions  of  a  Single 
Membrane  Bound  Enzyme,   Glucose-6-Phosphatase  Activities  as  a  Function  of 
Age"  by  P.  K.  Goldsmith  and  M.  R.  Stetten,  has  been  submitted  for  publicati 
in  Biochim.  Biophys.  Acta. 
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Proposed  Course: 


A  survey  of  the  occurrence  and  kinetic  properties  of  glucose  dehydroge- 
nases and  other  sugar  dehydrogenases  in  a  variety  of  invertebrate  and  verte- 
brate species  will  be  made.   Polyacrylamide  gel  electrophoresis  and  DEAE-ion 
exchange  chromatography  will  be  used  to  separate  isozymes  of  hexokinase  and 
sugar  dehydrogenases  from  organ  and  muscle  homogenates.   A  comparison  will 
be  made  between  the  properties  and  substrate  specificity  of  the  high  K^   hexo- 
kinase of  Limulus  and  of  rat  in  order  to  establish  the  degree  of  similarity 
of  the  two  enzymes.   The  glucokinase  of  higher  animals  is  known  to  be  adaptive 
with  quantitative  levels  critically  dependent  upon  the  supply  of  carbohydrates 
in  the  diet  as  well  as  upon  hormone  levels.   We  shall  compare  the  enzyme  in 
the  organs  of  variously  fed  Limull  in  order  to  see  if  the  invertebrate 
enzyme  is  similarily  inducible. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

During  the  early  growth  phase  of  cultured  human  skin  fibroblasts,  the 
uptake  of  [  H] spermidine  and  the  imtracellular  content  of  total  glutathione 
increase  together  in  a  parallel  manner  to  maximum  values  in  the  first  24-48 
hours,  then  decline  together  during  the  proliferative  phase,  ultimately 
reaching  low  steady-state  values  at  confluency.   The  apparent  correlation 
in  the  behavior  or  these  two  parameters  may  be  an  indication  of  a  mututally 
functional  role  for  these  two  substances  in  cellular  growth  or  metabolism. 
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ANNUAL  REPORT  OF  THE  LABORATORY  OF  CHEMISTRY 
NATIONAL  INSTITUTE  OF  ARTHRITIS,  METABOLISM  AND  DIGESTIVE  DISEASES 

SECTION  ON  BIOCHEMICAL  MECHANISMS 

Chemistry  of  Imidazoles 

Novel  synthetic  methods  have  been  developed  as  routes  to  2-substituted 
imidazoles;  many  members  of  this  series  had  been  previously  unknown  because 
synthetic  routes  were  either  very  cumbersome  or  totally  unavailable.   The 
appropriate  imidazole  is  first  blocked  at  a  ring  nitrogen  atom  with  triphenyl- 
methyl  chloride,  giving  an  N-trityl  imidazole.   This  material  is  treated  with 
n-butyl  lithium  in  tetrahydrofuran  and  the  resulting  carbanion  is  allowed  to 
react  with  a  variety  of  electrophilic  reagents;  finally,  the  N-trityl  blocking 
group  is  removed  by  acid  hydrolysis.   The  method  can  be  applied  directly  to 
4-hydroxymethylimidazoles,  and  the  2-X-products  are  elaborated  to  give  2-X- 
urocanic  acids,  2-X-histamines,  and  2-X-histidines .   Thus,  2-substituted 
histamines  and  histidines  have  been  prepared  for  the  first  time  with  substitu- 
ents  such  as  Br,  I,  NO^,  CHO,  etc.   In  further  work,  we  have  found  that  the 

synthetic  sequence  can  be  simplified  significantly  by  generating  the  C-2 
carbanion  directly  from  N-trityl  blocked  urocanic  acid,  histamine,  or  histidine. 
(L.  A.  Cohen,  K.  L.  Kirk,  D.  Davis) 

2-Azidoimidazoles  can  be  obtained  simply  by  heating  aqueous  solutions  of 
2-diazonium  imidazoles.   Elucidation  of  the  mechanism  of  this  remarkable  reac- 
tion will  probably  require  the  use  of   N  tracers.   2-Trif luoromethylimidazoles 
can  be  obtained  by  simple  ring  closure  of  N,N' -dibenozylaminoethylenes  with 
trif luoroacetic  anhydride.   The  chemistry  of  this  substituent  has  proved  both 
interesting  and  useful,  since  the  trif luoromethyl  group  is  converted  into  a 
cyano  group  in  aqueous  ammonia,  into  a  carboxyl  in  aqueous  base,  and  into  an 
ortho  ester  (or  ester)  in  alcoholic  base;  all  these  reactions  involve  a  common 
intermediate,  a  dif luorodiazafulvene  transient  species.   There  is  a  strong  pos- 
sibility that  this  highly  reactive  intermediate  can  also  serve  as  an  affinity 
label  at  receptor  sites  for  histidine  and  histamine.   (L.  A.  Cohen,  H.  Kimoto, 
K.  L.  Kirk) 

Although  H-2  in  N-tritylimidazoles  is  many  orders  of  magnitude  more 
acidic  than  H-4  or  H-5 ,  a  carbanion  can  be  generated  selectively  at  the  latter 
positions  by  reaction  of  the  corresponding  N-trityl-iodoimidazole  with  _t- 
butyllithium.   Under  controlled  conditions  these  carbanions  can  be  used  to 
introduce  electrophilic  substituents,  such  as  CHO,  directly,  opening  new 
routes  to  4-  or, 5-substituted  imidazoles.   Work  is  in  progress  to  extend  the 
scope  of  electrophiles  introduced.   Thus,  reaction  of  the  carbanion  with 
derivatives  of  2-bromoethylamine  or  3-bromoalanine  would  permit  one-step 
introduction  of  the  histamine  or  histidine  side  chain  and  a  facile  route  to 
such  compounds  with  isotopic  labels  in  the  side  chain.   (K.  L.  Kirk) 

We  have  now  established  that  the  ALP  effect,  which  prevents  carbanion 
formation  at  C-4  in  imidazoles,  is  far  less  important  at  C-2,  posing  a  basic 
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been  synthesized  and  studied  with  respect  to  kinetics  of  lactonization. 
Fluorine  was  found  to  be  only  slightly  more  effective  than  hydrogeti,  while 
chlorine  and  bromine  show  effective  size  comparable  to  that  of  methyl.   In 
fact,  log  k  for  cyclization,  for  the  three  larger  substituents,  shows  a  linear 
correlation  with  van  der  Waals  size  or  with  nmr  perturbation  of  the  4,4-dimethyl 
signal.  Unfortunately,  the  correlation  could  not  be  extended  to  the  iodine 
operator  because  the  latter  group  could  not  be  introduced  synthetically.   Addi- 
tional studies  have  confirmed  that  the  unusual  rearrangement  of  a  4,4,5,7- 
tetramethylthiolactone,  under  Friedel-Craf ts  conditions,  does  not  involve 
methyl  migration  but  migration  of  the  sulfur  atom  through  a  spiro  intermediate. 
The  analogous  oxygen  compound  shows  no  such  behavior  and  this  anomaly  is  under 
further  investigation.   Experiments  have  been  initiated  to  use  stereopopulation 
control  as  a  basis  for  pH-controlled  drug  release  from  a  polymer  backbone. 
(L.  A.  Cohen,  M.  Blum,  J.  C.  Reepmeyer,  and  M.  M.  King) 

Chemistry  and  Biochemistry  of  Fluorinated  Biogenic  Amines 

We  have  extended  the  scope  of  our  studies  of  ring-fluorinated  biogenic 
amines  to  include  three  isomeric  ring-fluorinated  norepinephrines  (NE) .   The 
appropriate  fluorinated  dimethoxybenzaldehydes  were  prepared  by  our  photo- 
chemical fluorination  procedure,  followed  by  side  chain  elaboration  through 
cyanohydrin  formation  (trimethylsilyl  cyanide),  and  hydride  reduction.   De- 
methylation  with  boron  tribromide  provided  routes  to  2-FNE  and  5-FNE.   Un- 
expectedly, the  dimethyl  ether  of  6-FNE  proved  resistant  to  boron  tribromide 
demethylation  and  a  route  through  the  dibenzyl  ether  was  devised.   Testing 
of  these  analogs  with  respect  to  both  a-  and  8-adrenergic  receptors  has  been 
initiated.   Preliminary  data  suggest  that  D,L-5-FNE  is  more  potent  than  D,L- 
NE  with  respect  to  both  receptors.   6-FNE  is  a  potent  a-agonist  but  has  greatly 
diminished  activity  in  the  3-system,  while  2-FNE  demonstrates  potent  6-activity 
but  only  low  ct-activity.   This  represents  a  dramatic  change  in  specificity 
resulting  from  the  shift  of  the  fluorine  substituent  from  the  6-  to  the  2- 
position.   This  behavior  may  result  from  hydrogen  bonding  between  the  side- 
chain  hydroxyl  group  and  the  fluorine  substituent,  with  the  resultant  restricted 
rotation  favoring  different  side  chain  conformations  in  each  case.   Appropriate 
spectral  and  structural  experiments  are  under  way.   (K.  L.  Kirk,  D.  Cantacuzene, 
C.  R.  Creveling,  D.  McColloh,  Y.  Nimitkitpaisan,  and  E.  McNeal) 

19 
F   NMR  Spectra  as  a  Probe  of  Molecular  Motion 

The  human  platelet  contains  two  well  defined  regions,  the  cytoplasm  and 
the  membrane-enclosed  vesicles,  each  ofgWhich  contains  relatively  high  con- 
centrations of  small  molecules.   The  F   NMR  line  widths  of  4,6-difluoro- 
serotonin  (in  vesicles)  and  2-fluoro-ATP  (in  the  cytoplasm) ,  biosynthesized 
by  the  platelet  from  2-f luoroadenosine,  have  been  examined.   These  experiments 
revealed  a  field  dependent  line  broadening  of  the  fluorine  signal  in  the  cyto- 
plasm^ while  the  signal  became  vanishingly  broad  in  the  vesicles.   Comparison 
of  P   line  widths  in  the  same  system  show  that  F   is  extremely  sensitive  to 
chemical  shift  anisotropic  line  broadening  brought  about  by  restriction  of 
molecular  motion.   These  studies  are  being  expanded  to  include  other  cells 
using  fluorinated  molecules  contained  in  specific  cellular  compartments  with 
a  veiw  of  obtaining  detailed  information  regarding  the  molecular  freedom 
of  motion.   (K.  L.  Kirk,  J.  Costa  [NIHM],  and  C.  M.  Dobson  [Harvard  University]) 
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SECTION  ON  CARBOHYDRATES 

The  Binding  of  Aromatic  Derivatives  of  Saccharides  to  Immunoglobul 


f 


xns . 


The  synthesis  of  dansyl  derivatives  of  mono  and  oligosaccharides  were 
reported  on  last  year.   The  binding  of  these  has  been  studied  with  their 
homologous  anti-immunoglobulins.   It  has  been  shown  that  the  aromatic  moiety 
can  aid  the  binding  of  the  saccharide  due  to  stacking  with  aromatic  amino  acid 
residues  in  the  combining  site  of  the  immunoglobulin.   The  nature  of  this 
interaction  is  presently  being  investigated  (M.K.  Das,  A.K.  Bhattacharjee  and 
C.P.J.  Glaudemans) . 


The  Binding  of  Anti-inulin  Inmiunoglobulins  to  Inulo-oligosaccharides . 


11 


We 


reported  last  year  that  anti-inulin  immunoglobulins  with  their  wide 
open  combining  area  should  be  able  to  accommodate  both  inulin  (2^1  linked 
fructofuran)  and  levan  (2->6  linked  fructofuranan) .   This  because  the  latter 
is  much  less  bulky.   We  know  that  both  antigens  bind  to  anti-inulins .   Since 
accommodation  does  not  necessarily  mean  binding,  structural  similarities 
between  levan  and  inulin  were  sought.   It  has  become  clear  that  a  disaccharideii 
fragment  from  inulin  is  nearly  identical  to  a  disaccharide  fragment  from  levan^ 
Thus,  inulobiose  should  bind  to  anti-inulins  with  about  the  same  affinity  as 
levan  binds  to  anti-inulins.   This  was  found  to  be  so  (D.G.  Streefkerk,  B.N. 
Manjula  and  C.P.J.  Glaudemans).   In  addition  to  this,  it  was  shown  that  inulo- 
oligosaccharides  (Fruf  2->l  Fruf  etc.)  bound  to  anti-inulin  immunoglobulins 
with  affinities  nearly  identical  to  those  for  the  binding  of  the  corresponding' 
glucose  terminated-fructosyl  oligosaccharides  to  these  immunoglobulins.   This 
confirms  our  early  indications  that  the  terminal  glucose  residue  does  not  bind' 
in  these  oligomers  (M.K.  Das,  D.G.  Streefkerk  and  C.P.J.  Glaudemans) 

Immunoglobulins  with  Dual  Specificity. 

MOPC  384  and  870  have  been  shown  to  bind  both  phosphorylcholine  and  methyl 
a-D-galactopyranoside,  two  wholly  unrelated  ligands.   These  immunoglobulins 
were  shown  to  be  capable  of  binding  these  ligands  simultaneously  (A.K.  Bhatta- 
charjee and  C.P.J.  Glaudemans). 

Structural  work  on  Polysaccharides. 

The  structure  of  the  capsular  polysaccharide  of  Cryptococcus  neoformans 
serotype  C  was  solved.   It  was  shown  to  be  j^  or  2^  (A.K.  Bhattacharjee  and  C.P.j' 
Glaudemans) .  f 

D-xylP  D-xylP  'i 

1  1 


21 

^3) -a-D-ManP- (1^3) -a-D-ManP (1^3) -a-D-ManP (1^3) -a-D- 
^4  t2  t4 
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D-GlucAP 


l| 
D-xylP 


148 


I; 


D-xylP 
1 


D-GlucAP 
1 


2l  -1-2 

►3 ) -a-D-ManP- ( 1^3 ) -a-D-ManP ( 1^3 ) -a-D-ManP ( 1^3 ) -a-D- 
t4  t2  t4 


1 
D-xylP 


1 
D-xylP 


1 
D-xylP 


Also,  the  structure  of  a  levan  from  rye  grass  was  elucidated,  and  it  was 
shown  that  this  polysaccharide  is  entirely  made  up  of  2^6  linked  f ructofuranosyl 
residues  (terminated  by  a  single  glucose  residue) .   This  is  the  only  levan  with 
purity  of  2^6  linkage  type  (no  2^1  linkages  at  all)  and  has  become  an  important 
antigen  in  the  classification  of  immunoglobulin  specificities  (J.  Tomasic,  H.J. 
Jennings  (National  Research  Council,  Canada)  and  C.P.J.  Glaudemans) . 


SECTION  ON  MEDICINAL  CHEMISTRY 


Testing  for  Analgesic  Activity,  Toxicity,  Dependence  Liability  and  Narcotic 
Antagonism 

This  project  is  designed  for  "base-line"  studies  for  analgesic  activity 
by  the  hot-plate  and  Nilsen  methods  (subcutaneous  and  oral  administration) 
and  acute  toxicity  for  more  interesting  compounds.   These  more  promising  com- 
pounds are  further  assessed  for  physical  dependence  and  and  antagonistic  prop- 
erties in  Rhesus  monkeys.   Occasionally  self-administration  experiments  (for 
psychologic  abuse  potential)  are  performed.   Approximately  126  new  compounds 
from  universities,  the  Laboratory  of  Chemistry  and  the  (world-wide)  pharma- 
ceutical industry  were  submitted  to  this  program  and  tested.   About  50  com- 
pounds were  assessed  for  physical  dependence  liability  and  narcotic  antagonis- 
tic properties.   (A.  E.  Jacobson  and  E.  L.  Atwell) . 

Evaluation  of  N-Cyanoalkyl  Opioids: 

Structure  activity  studies  in  a  series  of  N-cyanoalkylated  benzomor- 
phans,  morphinans  and  morphines  are  almost  completed.   The  (-)-N-cyanoethyl- 
3-hydroxymorphinan  is  about  20-100  times  more  potent  than  morphine  and  binds 
as  well  as  morphine  to  the  opiate  receptor.   There  is  ca.  100,000  fold  differ- 
ence in  the  binding  of  the  1_   and  d^  enantiomers  of  this  compound.   This  degree 
of  specificity  has  never  been  observed  before  with  the  opiate  receptor.   This 
compound  will  be  further  studied  in-vivo,  including  perhaps  a  metabolic  study. 
(A.  E.  Jacobson,  J.  Reden,  K.  C.  Rice,  E.  L.  Atwell,  A.  Brossi) 
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3-DeQxymorphines  and  Dihydrocongeners : 

3-Deoxymorphine,  lacking  the  phenolic  function,  has  been  synthesized 
for  the  first  time.   This  and  related  compounds  have  shown  that  most  of  the    j 
antinociceptive  activity  of  the  parent  morphine  is  still  present  in  some  of 
these  deoxy  compounds  but  much  of  their  binding  affinity  to  the  opiate  receptoii 
has  been  lost.   These  deoxy  derivatives  may  exhibit  a  new  profile  and  will  be 
studied  further.   Additional  studies  will  include  the  microbial  hydroxylation  | 
of  3-deoxymorphine.   (A.  Brossi,  A.  E.  Jacobson,  K.  C,  Rice,  J.  Reden,  and     '• 
M.  F.  Reich).  I 

Synthesis  and  Antinociceptive  Activity  of  7-Methoxycodeine : 

The  compound  was  shown  to  be  orally  as  active  as  codeine  but  has  less 
antinociceptive  activity  on  parenteral  application.   Study  completed.   (A.  E. 
Jacobson,  I.  lijima,  J.  Minamikawa  and  K.  C.  Rice). 

Dimers  of  natural  (-)-  and  synthetic  (+)-Sinomenine: 

The  four  optically  active  dimers  were  prepared  from  natural  (-)-and 
synthetic  sinomenine  by  oxidation.   The  physical  data  differ  considerably  from 
those  of  earlier  investigators  but  show  that  we  have  pure  compounds.   These 
dimers  were  not  active  in  the  antitumor  screening  at  NCI  in  contrast  to 
dimeric  morphine  which  showed  consistant  activity.   (A.  Brossi  and  J. 
Minamikawa).   Study  completed. 

Phenoxy  Substituted  Phenethylamines  and  Amphetamines: 

Five  3-phenoxy  substituted  amines  were  prepared  from  commercially 
available  benzaldehydes  but  did  not  show  any  antiociceptive  activity. 
Further  testing  is  being  done  outside.   Program  completed.   (A.  Brossi  and 
H.  Capraro) . 

Acetylated  Pyrimethamine  as  Antimalarials: 

Acetylation  of  the  antimalarial  pyrimethamine  with  acetic  anhydride 
under  a  variety  of  conditions  gave,  thus  far,  four  different  acetylated       ! 
products.   They  are  presently  being  evaluated  at  Walter  Reed  for  slow  release 
potential.   (A.  Brossi,  N.  Acton) .    Program  will  continue  if  activity  is 
demonstrated.  .| 

.i 
Condensation  Products  of  all-trans-Retinal  with  1,3-Diketones :  .'I 

i;" 

This  is  a  continued  collaboration  with  Dr.  Sporn  from  the  Lung  Cancer 
Branch.   Several  condensation  products  of  all-trans-retinal  with  1,3-diketones 
have  been  shown  to  retain  in  in  vitro  screening  most  of  the  activity  of        E 
all-trans  retinoic  acid.   They  are  however  much  better  tolerated  than  either 
all-trans-retinoic  acid  or  retinyl  acetate.   The  most  active  condensation 
product  thus  far  is  that  with  dimedone.   This  program  is  being  actively 
pursued  and  possibly  extended.   (A.  Brossi,  N.  Acton  and  A.  E.  Jacobson). 
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Molecular  features  of  Colchicine  associated  with  Antimitotic  and  Antigout 
Activity: 

It  has  been  shown  that  racemic  colchicine,  prepared  from  natural 
colchicine,  is  almost  equally  active  in  the  tubulin  binding  assay.   Large 
quantities  of  unnatural  (+)-colchicine  have  now  become  available.   It  could 
be  shown  that  a  replacement  of  the  acetamido  side  chain  with  an  oxygen 
function  gave  a  compound  which  still  bound  very  nicely  in  the  tubulin  assay. 
We  have  now  enough  evidence  to  believe  that  the  colchicine  structure  can  be 
considerably  changed  without  losing  the  tubulin  binding  and  hopefully  the 
antitumor  activity.   A  synthesis  of  demecolcine  is  still  being  considered.   The 
colchicine  program  is  actively  being  pursued.   (A.  Brossi,  M.  lorio  and  H. 
Capraro) . 

"Mammalian  Tetrahydroisoquinoline  Alkaloids": 

An  easy  synthesis  of  (+)-norreticuline  is  on  hand  and  a  high  yield  con- 
version into  (+)-tetrahydropapaveroline  (THP)  has  been  accomplished.  THP  is 
now  readily  available.  These  studies  are  now  being  extended  into  the  series 
of  optically  active  isomers.   (K.  C.  Rice  and  A.  Brossi). 

(+)-Morphine  and  Congeners: 

With  the  availbility  of  further  quantities  of  nat.  sinomenine  from  Japan 
additional  amounts  of  (+)-codeine,  (+)-thebaine  and  (+)-naloxone  were  pre- 
pared.  (J.  Minamikawa,  A.  E.  Jacobson,  K.  C.  Rice  and  A.  Brossi). 

Synthesis  of  Precursors  of  the  Morphine  Biosynthesis: 

Efficient  synthesis  of  norreticuline,  reticuline  and  its  6-bromo  and 
6-iodo-derivatives  are  now  at  hand.   An  optical  resolution  of  noreticuline 
is  being  looked  for.   (W.  Rikpa,  K.  C.  Rice  and  A.  Brossi). 
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SECTION  ON  METABOLITES 

Synthetic  Photochemistry  and  Photoblology 


! 


The  dye-sensitized  photooxygenation  of  DL-tryptophan  in  aqueous  solutiorl 
leads  to  the  tricyclic  compound  2-carboxy-3a-hydroperoxy-l,2,3,3a,8,8a-hexa 
hydropyrrolo[ 2, 3-b] indole  which,  on  reduction  with  dimethyl  sulfide,  furnishel 
two  diastereoisomeric  alcohols  separable  by  fractional  crystallization  into 
a  higher  melting  (mp  254° -256°)  and  a  lower  melting  (mp  228°)  diastereoisomeil 
Each  of  these  alcohols  was  correlated  with  one  of  the  analogous  pair  of 
isomeric  1,2-dicarbomethoxy  analogs  by  alkaline  hydrolysis  and  by  x-ray 
analysis.   In  this  way,  the  3a-hydroxy-l,2-dimethoxycarbonyl-l,2,3,3a,8,8a- 
hexahydropyrrolo[ 2, 3-b] indole,  mp  163°-164°,  was  shown  to  have  the  trans 
configuration  with  regard  to  the  relative  positions  of  the  hydroxyl  and 
carbomethoxy  groups  and  that,  on  alkaline  hydrolysis,  it  produced  the  isomer  | 
with  mp  228°,  which,  therefore,  also  has  the  trans  configuration.  The  mechani' 
of  the  smooth  thermal  rearrangement  of  the  (presumably  ring-chain  tautomeric) 
tryptophan  hydroperoxy  intermediates  to  formylkynurenine  is  discussed  with 
its  implications  for  the  biological  oxidation  by  tryptophan  2,3-dioxygenase. 
In  collaboration  with  Osamu  Hayaishi  some  of  these  intermediates  are  tested 
as  transition  state  analogs  and  inhibitors  of  the  ternary  complex  involving, 
oxygen,  substrate  and  indoleamine  2,3-oxygenase,  an  enzyme  concentrated  in 
the  lungs  possessing  great  clinical  interest. 

In  collaboration  with  Masako  Nakagawa  of  Chiba  University,  Japan,  and 
with  Isabella  Karle,  Naval  Research  Laboratories,  the  stereochemical 
configuration  of  a  potential  metabolite  of  tryptophan,  isolated  from  the 
photooxidation  of  D,L-  and  L-tryptophan,  and  characterized  and  crystallized 
as  the  N(l)-carbomethoxy-derivative,  has  been  established  as  methyl  1- 
carbomethoxy-2 , 3 , 3aa ,  8aa-tetrahydropyrrolo [ 2 , 3-b ] -indole-23-carboxylate 
which  on  alkaline  hydrolysis  gave  (cyclic)  6-hydroxy-iJ;-tryptophan,  a 
presumable  intermediate  between  tryptophan  and  kynurenine. 

Another  study  with  Prof.  Yuichi  Kanaoka,  Hokkaido  University,  Japan, 
led  to  a  novel  chiral  microenvironmental  probe  at  the  active  site;  extrinsic 
cotton  effects  of  acyl-trypsins  possessing  an  enantiomeric  pair  of  chromo- 
phores  are  being  studied  and  extended  to  fluorescent  groups.   In  particular, 
£-amidinophenyl  esters  of  both  enantiomeric  N-(2,4-dinitrophenyl) -alanines 
(DNP-Ala)  were  efficiently  hydrolyzed  by  trypsin.   The  acylation  and         !' 
deacylation  rate  constants  for  the  D-isomer  are  1/2.5  of  the  respective  rate 
constants  for  the  L-isomer.   The  slow  rate  of  deacylation  made  it  possible    ; 
to  prepare  the  pair  of  enantiomeric  acyl-trypsins.   CD  spectra  of  the  purified 
acyltrypsins  revealed  that  the  two  extrinsic  chromophores  are  oriented 
differently  in  the  chiral  environments  of  the  active  site,  although  both 
extrinsic  chromophores  couple  intramolecularly  with  similar  active  site 
chromophores .   The  deacylation  rate  of  DNP-D -Ala -trypsin  was  increased 
noticeably  in  comparison  with  that  of  the  L-derivative  when  £_-amidinophenol 
was  added,  indicative  of  the  fact  that  the  two  enantiomeric  acyl  groups  at 
the  active  site  are  situated  in  different  microenvironments .   A  comparative 
study  of  extrinsic  cotton  effects  by  a  set  of  D-  and  L-enantiomers  thus 
afford  detailed  structural  information  about  enzyme-substrate  interactions. 
The  introduction  of  dansyl  groups  and  other  fluorescent  reporter  groups  open 
the  way  for  energy-transfer  kinetics  and  spectroscopy. 
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With  Ken-ichi  Hirao,  Mikio  Taniguchi,  and  Osamu  Yonemitsu  of  the 
Faculty  of  Pharmaceutical  Sciences,  Hokkaido  University,  Sapporo  060,. 
Japan  the  stereospeclfic  acid-catalyzed  rearrangements  of  5,12-dimethyl- 
pentacyclo[6 .4.0.0 .0]dodecane-6,ll-diones  to  bisnordiamantane  and  dipro- 
toadamantane  ring  systems  with  strain  release  was  studied. 

In  particular  treatment  of  5 ,7, 7,10,10,12-hexamethylpentacyclo[6.4.0,0.- 
0.0]dodecane-6,ll-dione  with  trifluoroacetic  or  £_-toluenesulfonic  acid  gave 
a  bisnordiamantane  through  two  sets  of  stereospeclfic  twofold  Wagner- 
Meerwein  rearrangements,  with  release  of  strain,  in  almost  quantitative 
yield.   When  the  same  type  of  cage  compound,  with  hydroxy  groups  instead  of 
methyl  groups  in  positions  7  and  10,  was  treated  under  similar  conditions, 
its  strain  energy  was  released  in  a  different  way  to  give  lO-acetyl-9- 
hydroxy-3,7,9-trimethyltricyclo[5.2.2.0]undec-10-ene-4,8-dione  (6)  in  70% 
yield  through  a  series  of  reactions  involving  stereospeclfic  Wagner- 
Meerwein  rearrangement,  Grob  fragmentation,  and  retro-Michael  cleavage. 
In  the  case  of  the  third  cage  compound,  in  which  two  methyl  groups  at  C-7 
and  C-10  were  replaced  by  chloromethyl  groups,  half  of  this  molecule 
isomerized  to  a  protoadamantane  in  97%  yield,  because  the  electron-with- 
drawing chlorine  changed  the  final  step  in  the  above  series  of  reactions 
from  retro-Michael  cleavage  to  an  aldol  condensation.   Further  treatment  with 
£-toluenesulfonic  acid  quantitatively  gave  a  diprotoadamantane.   (Witkop) 

Are  Double-Stranded  RNA-Directed  Inhibition  of  Protein  Synthesis  in  Interferon- 
Treated  Cells  and  Interferon-Induction  Related  Phenomena? 

A  structure-activity  approach  was  used  to  address  the  question:   is 
interferon  induction  by  double-stranded  RNA's  linked  to  the  dsRNA -mediated 
inhibition  of  protein  synthesis  in  extracts  of ' interferon-treated  mouse  L 
cells?   Cell-free  extracts  from  interferon-treated  cells  were  at  least 
10,000  times  more  sensitive  to  encephalomyocarditis  virus  RNA-directed 
protein  synthesis  inhibition  by  (I)  .(C)   than  were  extracts  of  untreated 
cells.   However,  both  interferon-treated  and  control  cell  extracts  were 
sensitive  to  "natural"  dsRNA's  such  as  Penicillium  chrysogenum  dsRNA  which 
blocked  protein  synthesis  at  the  same  concentration  as  did  (I)  .(C)  .   The 
complex  (I)  . (C)   could  overcome  the  inhibition  effected  by  P_.  chrysogenum 
dsRNA  in  control  cell  extracts,  but  only  when  (I)  .(C)   was  added  at  a  1000- 
fold  molar  excess  over  the  concentration  of  the  inhibiting  dsRNA.   Of  the 
46  different  nucleic  acids  evaluated,  only  (I)  .(C)  , (A)  . (U)  ,  (A)  . 
(rT)^,  (A)^.(U)  .(I)^,  (A)  (X)  .(U)^  and  (A)^.2(U)^"coul3  induce  inRibition 
of  protein  synthesis  in  extracts  of  interferon-treated,  but  not  control  cells. 
The  differential  behavior  of  nucleic  acids  in  these  systems  could  not  be 
accounted  for  by  premature  nucleolytic  degradation  in  the  extracts  of 
interferon-treated  or  control  cells.   In  some  respects,  there  are  definite 
similarities  between  the  structural  requirements  for  interferon  induction 
and  those  for  protein  synthesis  inhibition:   both  systems  are  sensitive  to 
nucleic  acid  strandedness,  the  nature  of  the  ribose  C2 '  substituent,  and 
the  molecular  size  of  the  individual  homopolymer  components  of  the  double- 
helix.  Nonetheless,  there  are  dramatic  exceptions  to  the  correlation 
between  the  two  phenomena,  since  inhibition  of  protein  synthesis  is  much 
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The  Synthesis  of  Nucleosides  with  Possible  Antiviral  Properties 

The  synthesis  of  the  alanosine  derived  nucleoside  has  been 
completed.   (Spande) 

Central  Nervous  System  Agents  Based  on  the  Piperidine  Ring  System 

Heterocyclic,  aromatic  and  cycloalkyl  4-piperidinol  esters  and  related 
piperidines  have  been  synthesized  for  study  of  their  action  on  the  central 
nervous  system.   Several  compounds  displayed  analgesic  activity  in  the 
codeine-morphine  range  in  the  mouse  hot-plate  assay.   In  structure-activity 
comparisons  in  this  system,  aromatic  esters  exhibited  +E  -IT  substituent 
effects.   In  general,  the  piperidinol  esters  showed  no  morphine-like 
physical  dependence  capacity  in  monkeys,  acting  neither  as  typical  narcotic 
agonists  nor  antagonists.   In  rat  brain  homogenates  in  vitro,  they  displayed 
marginal  to  no  binding  to  the  opiate  receptor.   (Waters) 


SECTION  ON  MICROANALYTICAL  SERVICES  AND  INSTRUMENTATION 

Service  Function  and  Instrumentation 

Basic  research  and  service  functions  are  performed  by  members  of  the 
Section.   A  major  mission  of  the  organization  involves  the  instrumental  and 
chemical  analyses  provided  to  scientists  of  the  Laboratory  of  Chemistry,  NIH, 
and  to  a  limited  extent  to  personnel  of  other  government  agencies.   Approxi- 
mately 30  of  the  more  common  elements  and  five  functional  groups  are  determined 
on  a  quantitative  basis,  using  ultramicro,  micro  and  semi-micro  techniques  as 
required.   The  materials  analyzed  include  organic  and  inorganic  research 
samples,  commercial  preparations  and  various  biological  specimens.   Molecular 
weights  are  determined  by  vapor  pressure  osmometry  in  both  aqueous  and  non- 
aqueous solvents  when  requested.   Instrumental  analyses  include:   GC/MS 
spectrometry,  mass  spectrometry,  nuclear  magnetic  resonance,  atomic  absorption 
spectrophotometry,  ultraviolet,  and  flame  photometry.   Chemical  analyses  are 
done  by  most  of  the  commonly  used  techniques  including:   gravimetric,  color- 
metric,  gasometric,  coulometric,  and  volumetric.   Assistance  in  the  interpre- 
tation of  spectra  is  rendered  on  request  (N.  Whittaker,  A.  Wong,  B.  Baer, 
P.  Parisius,  W.  R.  Landis,  H.Y.C.  Yeh,  and  D.  F.  Johnson). 

Characterization  of  the  Dehydrogenase-Isomerase  Enzymes  and  Metabolic  Pathways 
in  Tetrahymena  Pyriformis 

The  objective  of  this  project  is  to  characterize  the  nature  of  a  dehydro- 
genase-isomerase  system  of  T.  pyriformis  by  purification  of  the  dehydrogenase 
and  isolation  of  pathway  intermediates.   Because  the  dehydrogenase  is  active 
with  both  steroids  and  non-steroids  as  substrates,  studies  will  be  conducted 
on  substrate  specificity  and  kinetics  of  the  partially  purified  enzyme.   Growth 
inhibition  studies  are  being  done  to  investigate  the  hypothesis  that  these 
transformations  are  related  to  the  toxicity  of  steroids  in  this  protozoan. 
(N.  S.  Lamontagne,  D.  F.  Johnson  and  C.  E.  Holmlund  (U.  Md . ) ) . 
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Applications  of  NMR  in  Biochemical  and  Biological  Systems 

The  purpose  of  this  project  is  to  develop  nuclear  magnetic  resonance 
methods  for  elucidating  molecular  structure  and  for  studying  the  interactions 
within  and  between  molecules,  especially  those  of  biological  interest.   Various 
NMR  methods  (e.g.,  selective  decoupling  experiments,  lanthanide  shift  experi- 
ments, etc.)  have  been  successfully  applied  in  a  wide  variety  of  investigations 
including:   properties  of  various  metalloporphyrin-ligand  complexes  (ferri- 
protoponphyrin  IX-CN,  Im;  cadmium  meso-tetraphenylporphyrin) ;  assignment  of 
structure  to  compounds  such  as  carcinogens,  narcotic  drugs  and  galactosides; 
and  study  of  iron-protein  and  iron-ligand  bindings  in  hemerythrin,  a  nonheme 
iron  protein  responsible  for  oxygen  transport  in  certain  species  of  marine 
invertebrates.   (H.J.C.  Yeh,  S.  Chiang  and  D.  F.  Johnson). 

The  Development  of  Chemical  Methods  and  Compounds  for  the  Study  of  Biological 
and  Medical  Problems 

The  primary  goal  of  this  work  is  to  contribute  to  the  investigation  and 
solution  of  basic  biological  and  medical  problems.   This  is  to  be  done  by  the 
development  of  chemical  methods  and  reagents  for  the  study  of  the  primary, 
secondary,  tertiary,  and  quaternary  structures  of  biomacromolecules,  by  the 
study,  development,  and  application  of  organic  and  photochemical  reactions, 
and  by  synthesis  of  selected  chemical  compounds.   Work  is  in  progress  on  a 
study  of  cancer  metasteses  in  mice  and  the  effect  of  various  chemicals   on  met- 
asteses  and  its  development.   The  present  project  is  designed  to  derive  know- 
ledge that  can  be  applied  to  the  design  and  synthesis  or  organic  compounds 
which  will  be  of  use  in  the  control  of  the  metastatic  process  (C.  M.  Foltz  and 
L.  A.  Liotta  (NCI)). 

Nature  of  Steroid-Receptor  Interactions 

The  objective  of  this  project  is  to  define  the  initial,  intra-cellular 
events  of  steroid  hormone  action.   Synthetic  glucocoticoid  derivatives,  some 
of  which  could  potentially  react  to  form  covalent  receptor-steroid  complexes, 
are  being  used  with  glucocorticoid-responsive  rat  hepatoma  tissue  culture 
cells  to  examine:   (1)  steroid-receptor  binding  site  interactions;  (2)  the 
effects  of  steroid  binding  on  receptor  conformation;  (3)  the  nature  of  "activa- 
tion" of  receptor-steroid  complexes;  (4)  the  nuclear  binding  of  activated 
receptor-steroid  complexes;  and  (5)  receptor  homology  in  closely  related  cell 
lines.   A  novel  group  of  potential  affinity  labelling  steroids,  which  my  yield 
a  functionally  active,  covalently  labelled  receptor  appear  very  promising. 
Fluorescence  spectroscopy  represents  another  technique  for  examining  these 
interactions.   For  this  reason,  we  have  investigated  the  fluorogenic  reaction 
of  o-phthalaldehyde  and  6-mercaptoethanol  with  primary  amines  and  defined  some 
of  the  chemical  and  fluorescence  properties  of  the  previously  unknown  isoin- 
dole  products.   Furhter  studies  have  been  directed  at  adapting  these  isoin-    ' 
doles  for  a  fluorescent  study  of  steroid-receptor  interactions. 

a-Bromoacetate  and  acrylate  derivatives  of  Cortisol  were  examined  as 
potential  covalent  affinity  labels  for  glucocorticoid  receptors,  but  no 
covalent  receptor-steroid  complexes  could  be  detected.   Thiol  acetate  and 
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o-methyl  xanthate  derivatives  of  Cortisol  were  synthesized  for  the  novel 
approach  of  labelling  the  receptor  with  a  small,  non-steroidal  molecule  in 
order  to  obtain  a  covalently  labelled,  functionally  active  receptor.   The 
initial  results  with  these  new  affinity  labels  are  promising  but  further  work 
requires  radioactively  labeled  steroids.  (S.S.  Simons,  E.I.B.  Thompson  (NCI), 
H.  Ammon  (U.  Md . ) ,  and  D.  F.  Johnson). 

Synthesis  of  Specifically  Labelled  Compounds  for  Study  of  Cellular  Processes 
and  Intramolecular  Interactions 

Certain  organic  compounds  were  synthesized  for  use  in  a  continuing  study 
of  metabolic  processes  in  systems  containing  normal  or  leukemic  cells  in  which 
porohyrin-IX  molecules,  containing  fluorine  and   C  atoms,  and  L-histidine- 
2-  C  NMR  measurements  provide  data  for  rationalization  of  cellular  processes 
and  for  the  study  of  intramolecular  interactions  and  perturbations  (S.M.  Woods, 
H.J.C.  Yeh  and  D.  F.  Johnson). 

SECTION  ON  OXIDATION  MECHANISMS 

Enzymatic  Oxidation  of  Drugs  to  Toxic  and  Carcinogenic  Metabolites 

Previous  annual  reports  from  this  Section  have  described  a  systematic 
approach  to  the  study  of  the  cytotoxicity,  mutagenicity,  and  carcinogenicity 
of  the  ubiquitous  environmental  carcinogen  benzo [a]pyrene  (BP) ,   Briefly  these 
studies  have  consisted  of  i)  synthesis  of  as  many  known  and  potential  oxidative 
metabolites  as  was  possible,  ii)  study  of  the  metabolism  of  the  hydrocarbon 
with  these  authentic  standards  in  hand,  iii)  testing  of  these  compounds  for 
cytotoxic  and  mutagenic  activity  with  bacterial  and  mammalian  cells  both  in 
the  presence  and  in  the  absence  of  added  drug  metabolizing  systems  such  as 
cytochrome  P-450  and  epoxide  hydrase,  and  iv)  evaluation  of  the  carcinogenicity 
of  these  synthetic  standards  in  several  animal  models.   The  present  report 
details  nearly  all  of  the  concluding  studies  on  the  biological  activity  of 
benzo[a]pyrene  and  its  known  and  potential  metabolites.   These  studies  provide 
evidence  which  indicates  that  (+)-7S,8a-dihydroxy-9a,10a-epoxy-7 ,8,9,10- 
tetrahydrobenzo[a]pyrene  is  the  most  important  carcinogenic  metabolite  of 
benzo[a]pyrene.   With  the  first  identification  of  an  ultimate  carcinogenic 
form  for  any  member  of  the  polycyclic  aromatic  hydrocarbon  class  of  carcinogens, 
we  formulated  the  "bayregion"  theory  which  predicts  that  diol  epoxides  that 
have  the  epoxide  group  in  the  bay-region  of  the  hydrocarbon  will  be  the  most 
chemically  reactive  and  presumably  biologically  active.   To  test  the  predic- 
tions of  the  theory,  we  have  initiated  studies  on  the  hydrocarbons  benzo [a]- 
anthracene,  chrysene,  dibenzo [a,h]anthracene,  and  3-methylcholanthrene. 

Benzo(a)pyrene   (BP) .      A  wide  number  of  known  and  potential  BP  metabolites  have 
now  been  tested  on  mouse  skin  for  their  tumorigenic  activity.   Skin  is  a  very 
important  tumor  model  for  this  hydrocarbon  since  "^^2,000  tons  of  BP  are  re- 
leased into  the  atmosphere  in  the  United  States  alone  each  year.   Chronic 
studies  had  shown  that  only  BP  7,8-oxide  of  the  four  arene  oxides  tested  showed 
high  activity  ('^20%  of  the  activity  of  BP)  in  this  model.   Testing  of  the 
twelve  isomeric  phenols  of  BP  established  that  only  2-hydroxy  BP  showed  activ- 
ity comparable  to  BP  both  in  chronic  studies  for  complete  carcinogenicity  and 
in  initiation-promotion  experiments.   This  represents  the  first  demonstration 
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of  a  phenolic  derivative  with  a  tivity  similar  to  the  parent  hydrocarbon.   Sincl 
2-hydroxy  BP  is  not  known  to  be  a  metabolite  of  BP,  the  mechanism  of  action  of  ' 
this  compound  was  not  further  examined.   BP  7,8-oxide  is  converted  to  BP  7,8- 
dihydrodiol  by  epoxide  hydrase.   Tested  by  either  tumor  model,  racemic  BP  7,8- 
dihydrodiol  is  at  best  equipotent  to  the  parent  hydrocarbon.   Initiation- 
promotion  experiments  with  the  (+)-  and  (-)-enantiomers  of  BP  7,8-dihydrodiol 
showed  that  the  (-)-enantiomer  is  5  to  10-fold  more  potent  than  the  (+)-enantio 
mer  and  is  slightly  more  active  than  BP.   The  cytochrome  P-450  system  in  mam-   ■ 
malian  liver,  obtained  either  from  the  endoplasmic  reticulum  or  from  isolated   | 
nuclei,  converts  BP  7,8-dihydrodiol  into  diastereomerically  related  7,8-diol-   | 
9,10-epoxides.   Although  these  diol  epoxides  were  anticipated  to  be  ultimate   ' 
carcinogens  (i.e.,  more  active  than  BP) ,  both  isomers  had  less  than  4%  of  the   ! 
activity  of  BP  in  chronic  studies  on  mouse  skin.   Our  inability  to  demonstrate 
an  ultimate  carcinogen  on  mouse  skin  prompted  the  use  of  yet  another  tumor     , 
model,  intraperitoneal  injection  into  the  newborn  mouse.   In  this  tumor  model, 
the  7,8-dihydrodiol  is  16-fold  more  active  than  BP,  and  the  (±)-7S,8a-dihydroxyii 
9a,10a-epoxy-7,8,9,10-tetrahydro  BP  diastereomer  of  the  7,8-diol-9,10-epoxides  ', 
is  43-fold  more  active  than  BP.   These  experiments  provide  the  first  direct    ; 
evidence  for  an  ultimate  carcinogenic  metabolite  for  any  member  of  the  poly-    \ 
cyclic  aromatic  hydrocarbon  class  of  carcinogens.   Synthesis  of  the  optically 
pure  enantiomers  of  the  diastereomerically  related  7,8-diol-9,10-epoxides  has   i 
allowed  evaluation  of  their  individual  biological  activities.   Only  (+)-7S,8a- 
dihydroxy-9a,10a-epoxy-7,8,9,10-tetrahydro  BP  of  the  four  isomers  showed 
very  high  mutagenic  activity  toward  Chinese  hamster  V79  cells  and  is  a  major 
metabolite  bound  to  nucleic  acid  when  BP  is  applied  to  mouse  skin.   Lack  of 
tumorigenic  activity  for  the  BP  9,10-dihydrodiol  presents  an  interesting 
structure-activity  relationship  when  compared  to  the  7,8-dihydrodiol.   Quantum  i 
mechanical  calculations  predict  that  a  9,10-diol-7 ,8-epoxide  of  BP  would  have  ' 
low  chemical  reactivity  and  presumably  low  biological  activity.   Due  to  a 
remarkable  selectivity  by  the  cytochrome  P-450  system,  9,10-diol-7 ,8-epoxides 
are  not  formed.   In  addition,  direct  synthesis  and  testing  confirmed  the  pre- 
dictions of  the  quantum  mechanical  calculations. 

Benso (a) anthracene   (BA) .      Predictions  of  the  "bay-region"  theory  indicate 
that  BA  3,4-dihydrodiol  and  the  1,2-epoxides  derived  from  it  should  be  proxi- 
mate and  ultimate  carcinogens,  respectively.   Although  BA  is  a  very  weak 
carcinogen,  initiation-promotion  experiments  on  mouse  skin  have  Indicated 
that  the  3,4-dihydrodiol  is  quite  active,  as  much  as  20-fold  more  tumorigenic 
than  the  parent  hydrocarbon.   The  other  four  metabolically  possible  dihydro- 
diols  were  less  active  than  BA.   Only  BA  3,4-dihydrodiol  showed  high  tumor-   ^_ 
igenicity  upon  injection  in  to  the  newborn  mouse.   Testing  of  diol  epoxides    ^ 
derived  from  the  BA  dihydrodiols  has  indicated  that  the  3,4-diol-l,2-epoxides 
are  15  to  35-fold  more  mutagenic  toward  bacteria  and  65  to  125-fold  more 
mutagenic  toward  mammalian  V79  cells  than  are  other  diol  epoxides  of  BA. 
Initiation-promotion  experiments  on  mouse  skin  have  indicated  that  both  (±)- 
3a , 4 6-dihydroxy-lS , 2B-epoxy-  and  (± ) -3a , 4 6-dihydroxy-la , 2a-epoxy-l ,2,3,4- 
tetrahydro  BA  are  candidates  as  ultimate  carcinogens  of  BA.   Testing  of  the 
(+)-  and  (-) -enantiomers  of  the  3,4-dihydrodiols  in  this  same  model  system 
have  indicated  that  the  (-)-[3R,4R]-enantiomer  is  5  to  15-fold  more  active 
than  the  (+)-enantiomer .   Of  particular  interest  is  the  fact  that  the  (-)- 
[3R,4R]-enantiomer  of  BA  and  the  (-)-[7R,8R]-enantiomer  of  BP  superimpose 
with  each  other  when  the  "bay-regions"  are  aligned.   Should  this  trend  be 
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found  to  continue  with  studies  on  other  hydrocarbons,  absolute  stereochemistry 
may  well  prove  to  be  one  of  the  most  useful  probes  yet  devised  to  explore  the 
nature  of  the  carcinogen  receptor  site. 

Chrysene  and  Dibenzo(a,'n) anthracene.      Synthesis  of  the  three  metabolically 
possible  dihydrodiols  of  chrysene  and  dibenzo [a,h]anthracene  has  now  been 
achieved  by  methods  previously  developed  in  this  laboratory.   The  "bay-region" 
theory  predicts  that  the  1,2-dihydrodiol  of  chrysene  and  the  3,4-dihydrodiol 
of  dibenzo[a,h]anthracene  should  be  proximate  carcinogens  of  their  respective 
hydrocarbons.   Studies  of  the  metabolic  activation  of  these  dihydrodiols  and 
their  respective  hydrocarbons  in  the  presence  of  a  highly  purified  cytochrome 
P-450  system  and  histidine  dependent  auxotrophs  of  S_.  typhimurium  have  con- 
firmed the  predictions  of  the  theory  in  that  the  dihydrodiols  with  "bay- 
region"  double  bonds  elicit  the  strongest  mutagenic  response.   Initiation- 
promotion  experiments  on  mouse  skin  with  chrysene  and  its  derivatives  have 
validated  the  mutation  experiments  in  that  the  1,2-dihydrodiol  was  found  to 
be  more  active  than  chrysene,  the  other  two  dihydrodiols,  or  trans-1,2- 
dihydroxy-l,2,3,4-tetrahydrochrysene.   The  latter  compound  lacks  the  critical 
"bay-region"  double  bond. 

Z-MethyZcholanthrene   (MC) .      Since  MC  is  a  moderately  active  carcinogen,  we 
have  chosen  not  to  undertake  synthetic  studies  with  this  hydrocarbon.   Instead, 
we  have  undertaken  metabolism  studies  with  the  aim  of  isolating  dihydrodiol 
metabolites  which  could  be  further  studied.   Interestingly,  MC  is  not  con- 
verted to  dihydrodiols  by  liver  microsomes  to  any  significant  extent.   Both 
1-  and  2-hydroxy  MC  are  major  metabolites.   Of  these,  only  1-hydroxy  MC  is  a 
good  substrate  for  the  cytochrome  P-450  system,  and  a  9,10-dihydrodiol  with  a 
"bay-region"  7,8-double  bond  could  be  isolated.   In  accord  with  the  predictions 
of  the  "bay-region"  theory,  this  dihydrodiol  elicits  a  strong  mutagenic  re- 
sponse upon  metabolic  activation  in  the  presence  of  the  S_.  typhimurium  tester 
strains. 

Physical  Organic  Aspects  of  Drug  Metabolism.      Since  benzo-ring  diol  epoxides 
are  clearly  involved  in  the  carcinogenic  activity  of  the  polycyclic  aromatic 
hydrocarbons,  their  solvolytic  chemistry  acquires  special  importance.   Studies 
of  the  solvolysis  of  the  diastereomerically  related  7 ,8-diol-9,10-epoxides  of 
BP  over  the  pH  range  of  1-12  in  25%  dioxane-water  have  indicated  that  bi- 
phasic  pH/rate  profiles  exist  for  both  isomers.   In  the  acid  catalyzed  region, 
very  similar  rates  of  hydrolysis  are  observed.   Rates  of  spontaneous  hydroly- 
sis, however,  differ  by  a  factor  of  30.   The  isomer  in  which  the  benzylic 
hydroxyl  group  and  the  oxirane  oxygen  are  cis  is  more  reactive  and  has  a  half- 
life  of  ^30  sec.   Nonetheless,  this  isomer  is  a  potent  mutagen  toward  bacterial 
and  mammalian  cells.   A  previously  confusing  aspect  of  the  solvolysis  of  K- 
region  arene  oxides  has  now  been  resolved  with  the  finding  that  chloride  and 
bromide  ions  used  to  maintain  ionic  strength  in  the  solvolysis  medium  can  add 
to  these  arene  oxides.   The  use  of  non-nucleophilic  salts  avoids  this  problem. 

Combination  of  spectral  and  chemical  methods  have  been  used  to  assign 
absolute  stereochemistry  to  the  cis  dihydrodiols  which  bacteria  produce  from 
substituted  benzenes  and  phenanthrene.   To  date,  cis  dihydrodiols  from  naph- 
thalene and  anthracene  have  also  been  examined  with  the  finding  that  two 
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strains  of  bacteria  have  always  introduced  the  hydroxyl  groups  in  a  stereo-   | 
chemically  identical  fashion.  i 

Oxidation  of  naphthalene  with  a  chemical  model  system  consisting  of 
Fe(II),  0    ,    and  various  reducing  agents  has  indicated  that  the  mechanism  of 
oxidation  in  these  systems  differs  from  the  mechanism  used  by  cytochrome  P- 
450.   Use  of  18-oxygen  has  established  that  the  cis  and  trans  dihydrodiols 
formed  incorporate  oxygen  atoms  from  two  different  oxygen  molecules. 

Drug  Metabolizing  Enzymes.      Although  the  mechanism  of  induction  of  the  cyto- 
chrome P-450  system  is  unknown,  experiments  with  cells  in  culture  have  indi- 
cated that  it  is  probably  the  parent  hydrocarbon  and  not  a  metabolite  which 
is  responsible  for  the  induction.   Homogeneous  glutathione  S-transf erase  has 
been  obtained  from  guinea  pig  liver.   The  enzyme  has  a  molecular  weight  of 
46,000  and  is  dissociable  into  subunits  with  molecular  weights  of  25,000. 

Apparent  K  values  for  microsomal  epoxide  hydrase  have  been  found  depend- 
ent upon  the  concentration  of  microsomes  in  the  incubation  meditim.   This 
unusual  result  is  thought  to  be  due  to  lipid  since  apparent  K  values  with 
the  homogeneous  enzyme  are  independent  of  the  amount  of  added  lipid  until  the 
critical  micelle  concentration  is  reached.   4-Nitrophenacyl  bromide  has  proved 
to  be  an  effective  site  directed  inhibitor  of  epoxide  hydrase,  and  a  catalytic- 
ally  active  histidine  residue  has  been  identified.   Identification  of  this 
histidine  suggests  a  nucleophilic  addition  of  water  as  the  mechanism  of  action  j 
of  epoxide  hydrase.   The  same  conclusion  has  been  reached  through  kinetic 
studies  of  substituted  stryene  and  stilbene  oxides  as  substrates.   Since  the 
absolute  stereochemistry  of  dihydrodiols  is  an  important  factor  in  regulating 
their  biological  activity,  the  stereospecif icity  of  epoxide  hydrase  toward 
several  arene  oxides  has  been  examined. 

The  above  studies  have  been  conducted  primarily  by  Drs.  D.  M.  Jerina, 
H.  Yagi,  D.  R.  Thakker,  J.  M.  Karle,  and  R.  E.  Lehr  of  this  laboratory.   A 
portion  of  the  studies  were  done  in  collaboration  with  Drs.  A.  H.  Conney, 
W.  Levin,  and  A.  W.  Wood  at  Hoffmann-La  Roche.   A  total  of  41  publications 
appeared,  some  of  which  were  the  result  of  efforts  by  previous  workers  in 
this  Section. 

SECTION  ON  PHARMACODYNAMICS 

I 
Pharmacologically  Active  Compounds  from  Tropical  Frogs  and  Other  Natural  Sources 

A  structure  for  the  basic  ring  system  of  the  pumiliotoxin-A  class  of  alka- 
loids has  been  derived  from  extensive  nuclear  magnetic  resonance  and  mass  spec-' 
tra.   Crystals  of  one  of  the  alkaloids  from  this  class  will  be  analyzed  by  X-rav 
diffraction  in  order  to  confirm  the  structure.   This  represents  the  sixth  class' 
of  alkaloids  to  be  discovered  in  frogs  of  the  neotropical  family  Dendrobatidae.i 
The  total  number  of  alkaloids  characterized  from  these  frogs  now  exceeds  one  \ 
hundred.   Thirty-six  species  representing  eighty  percent  of  the  known  species  oi 
poison  frogs  in  this  family  have  now  been  examined  for  alkaloids.   Dendrobatid 
alkaloids  have  not  been  detected  in  over  thirty  species  of  frogs  from  other  am- 
phibian families.   The  alkaloids  provide  a  unique  character  with  respect  to  de- 
finition of  evolutionary  and  ecological  relationships  in  this  family  of  frogs. 
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Alkaloid  and  morphological  profiles  are  being  studied  in  hybrids  derived  from 
two  species  of  frogs,  one  of  which  contains  alkaloids  and  one  of  which  does  not 
Both  species  contain  granular  secretory  cells  presumed  to  comprise  the  so-called 
epidermal  poison  glands. 

Batrachotoxin  causes  a  rapid  depolarization  of  microsac  and  synaptosome 
preparations  from  guinea  pig  cerebral  cortex.   Membrane  potential  was  assessed 
by  measuring  the  rate  of  uptake  of  radioactive  triphenylmethylphosphonium  ions. 
A  prior  treatment  of  frog  muscles  with  batrachotoxin  markedly  reduces  the 
magnitude  of  the  end  plate  depolarization  subsequently  elicited  by  carbamyl- 
choline.   Similar  reductions  in  carbamylcholine-elicited  depolarizations  were 
found  in  Electrophorus  electroplax  preparations  previously  treated  with  batra-^ 
chotoxin.   It  would  appear  that  in  such  treated  preparations,  the  voltage-sensi- 
tive sodium  action-potential  channels  can  no  longer  be  activated  in  response  to 
carbamylcholine-elicited  depolarizations  at  synapses.   Radioactive  batrachotoxin 
A  benzoate  binds  with  high  affinity  to  a  limited  number  of  sites  in  mouse  cere- 
bral cortical  membrane  preparations.   The  specific  binding  is  antagonized  by 
batrachotoxin  isolated  from  certain  extracts  of  poison-dart  frogs  have  been 
shown  to  have  been  formed  by  reaction  of  trace  amounts  of  acetone  with 
batrachotoxins  during  isolation  procedures  and  do  not  occur  naturally  in 
dendrobatid  frogs. 

Histrionicotoxin,  a  selective  antagonist  at  the  chemo-sensitive  sodium- 
potassium  channel  controlled  by  the  nicotinic  acetylcholine-receptor  appears 
to  act  by  shifting  the  equilibrium  towards  a  desensitized  acetylcholine-receptor 
channel  complex.   Histrionicotoxin  is  much  more  potent  in  antagonizing  responses 
to  exogenous  acetylcholine  than  in  antagonizing  responses  to  acetylcholine  re- 
leased by  nerve  stimulation  in  neuromuscular  preparations,  suggesting  the  de- 
sensitized state  is  relatively  less  significant  in  normal  neurotransmitter  func- 
tion.  Histrionicotoxin  blocks  carbamylcholine-elicited  efflux  of  radioactive- 
sodium  ions  in  microsac  preparations  from  Torpedo  electroplax.   Radioactive 
perhydrohistrionicotoxin  does  not  bind  to  highly  purified  acetylcholine  receptor 
isolated  from  Torpedo  electroplax  but  does  appear  to  bind  to  a  readily  dissoci- 
able macromolecule  which  may  represent  either  the  channel  or  a  regulatory  en- 
tity associated  with  the  channel.   The  macromolecule  which  binds  perhydrohistri- 
onicotoxin appeared  based  on  enzymatic  and  chemical  reagents  to  be  a  protein. 

Pumiliotoxin  C  and  various  synthetic  analogs  have  little  effect  on  con- 
tractures elicited  in  neuromuscular  preparations  by  stimulation  of  nerve  and 
muscle.   The  effects  on  end  plate  currents  are  under  investigation.   In  con- 
trast, pumiliotoxin  B  markedly  potentiates  muscle  contractures  in  neuromuscular 
and  cardiac  preparations  with  little  effect  on  endplate  currents  or  resting 
membrane  potentials.   An  analgesic  alkaloid  present  as  a  trace  constituent  in 
extracts  from  the  Ecuadorean  frog,  Phyllobates  tricolor  has  not  yet  been  iso- 
lated in  pure  form.   Data  indicate  that  it  is  a  member  of  the  pumiliotoxin-A 
class  of  dendrobatid  alkaloids  and  that  it  contains  a  chloro-substituent .   The 
compound  antagonizes  the  binding  of  radioactive  dihydromorphine  to  cerebral 
membrane  preparations.   However,  its  potency  as  a  binding  antagonist  appears 
far  less  than  its  potency  as  an  analgesic. 

Binding  of  radioactive  ouabain  to  Na  -K  -ATPase  of  erythrocytes  was  blocked 
by  extracts  from  the  skins  of  following  amphibians:   Bufo  regularis,  Bufo  gran- 
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ulosa,  Bufo  marinus ,  bufonid  tadpoles,  Atelopus  ignescens  and  Dendrophryniscus 
mlnutus.   Extracts  from  six  other  species  of  amphibians  representing  four  dif- 
ferent families  had  low  levels  of  compounds  which  antagonized  ouabain-binding. 
One  of  these,  Phyllobates  bicolor,  produces  batrachotoxin,  a  known  inhibitor  of 
Na  -K  -ATPase.   Batrachotoxin,  however,  at  very  high  concentrations  did  not  af-- 
feet  binding  of  ouabain.   Extracts  from  another  thirteen  species  of  amphibian*^' ' 
representing  five  different  families  did  not  antagonize  ouabain  binding.   The  ^ 
compounds  in  extracts  of  Atelopus  which  inhibit  ouabain-binding  were  similar  in 
chromatographic  properties  to  the  bufodienolides  known  to  be  present  in  skin  of 
bufonid  toads.   The  compound (s)  in  the  extracts  from  Dendrophryniscus  which  in- 
hibit ouabain-binding  were  much  more  polar  than  known  bufodienolids.   Extracts 
of  Dendrophryniscus  also  contained  a  neutral,  relatively  non-polar  compound  with 
marked  sedative  activity  in  mice. 

A  water  soluble  toxin  has  been  isolated  from  liver  of  a  fish  (Lagocephalus 
sceleratus)  from  the  Red  Sea.   The  chemical  and  chromatographic  properties  of 
this  toxin  are  similar  to  tetrodotoxin,  but  its  neuropharmacological  properties 
differ  in  being  slower  both  in  onset  and  reversal. 

Pharmacodynamics  Amines  and  Enzymes  Involved  in  Their  Metabolism 

Specific  antibodies  have  been  prepared  to  rat  liver  catechol-0-methyl- 
transf erase  (COMT) .   The  enzyme  has  been  localized  immunohistochemically  in  the 
brains  of  rat,  beef,  and  chinchilla.   In  all  species,  specific  immunofluores- 
cence was  detectable  only  in  non-neuronal  elements.   The  most  intense  immuno-  j^" 
reactivity  was  observed  in  the  cells  of  the  choroid  plexus  and  the  ventricular   ] 
ependyma.   In  addition,  the  interfascicular  oligodendrocytes  and  the  proximal     ' 
portions  of  their  projections  exhibited  bright  immunofluorescence.   The  presence  ; 
of  high  levels  of  COMT  in  the  choroid  plexus  and  ependymal  cells  suggests  the    j 
enzyme  may  function  in  part  as  a  biochemical  barrier  for  amine  transmitters  by 
partitioning  the  CSF  from  the  brain  parenchyma. 

1 

The  cellular  and  subcellular  localizations  of  monoamine  oxidase  (MAO)  and 
COMT  were  investigated  in  the  rat  heart.   Autoradiography  indicated  that  MAO 
labeled  in  vivo  with  radioactive  pargyline  was  localized  within  capillary  endo- 
thelial cells  and  within  myocardial  cells.   Grains  were  found  principally  over 
mitochondria  with  some  grains  fround  scattered  over  the  remaining  components 
of  the  cells.   The  few  fibroblasts  and  adrenergic  neurons  encountered  did  not 
contain  grains.   The  localization  of  COMT  was  determined  immunocytochemically, 
utilizing  a  specific  antibody  produced  in  rabbits  with  purified  rat  liver  COMT. 
Positive  reactions  indicating  specific  COMT  activity  were  observed  in  myocardial 
cells  and  in  endothelial  cells,  whereas  smooth  muscle  cells  of  coronary  arteries 
were  negative.   Antigenicity  of  COMT  was  best  preserved  with  the  alcohol  fixa- 
tive and  was  least  preserved  with  glutaraldehyde-paraformaldehyde.   Electron  . 
microscopic  evaluation  utilizing  the  PAP  method  indicated  the  COMT  was  presen* 
in  the  cytoplasm  of  cardiac  muscle  cells  and  capillary  endothelial  cells,  but 
was  absent  from  various  membrane-bound  Intracellular  areas  including  mitochon- 
dria and  nuclei.   Plasma  membranes  of  capillary  endothelial  cells  and  myocardial 
cells  were  positive. 

The  cellular  localization  of  COMT  was  studied  in  the  non-pregnant  and 
pregnant  rat  uterus  using  the  PAP  method.   The  enzyme  position  material  was   ^  , 
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limited  to  epithelial  cells  at  early  stages  of  pregnancy.   By  day  7,  however, 
COMT  appeared  in  the  decidual  cells  on  the  antimesometrial  side  of  the  uterus 
close  to  the  implanting  blastocyst.   Two  morphologically  distinct  decidual 
cells  were  observed:   one  type  was  polygonal  and  the  other  stellate.   After 
partum  the  COMT  positive  decidual  cells  remained  in  the  decidua  basalis.   No 
clearly  defined  COMT  was  present  in  the  non-pregnant  uterus. 

The  2-, 5-,  and  6-f luorodopamines  have  been  synthesized  and  tested  as  sub- 
strates for  COMT.   The  2-  and  6-fluoro  derivatives  are  extremely  poor  substrates 
while  5-f luorodopamine  has  an  affinity  similar  to  that  of  dopamine.   The  2-, 5-, 
and  6-fluoro  derivatives  of  norepinephrine  (NE)  have  been  prepared.   These  de- 
rivatives show  the  same  patterns  as  regards  affinity  towards  COMT;  i.e.  5- 
f luoronorepinephrine  is  similar  to  norepinephrine  whereas  the  2-  and  6-fluoro- 
norepinephrines  are  extremely  poor  substrates. 

o   The  ability  of  the  f luoronorepinephrines  (F-NE)  to  inhibit  the  binding  of 
[  H]dihydroalprenolol  to  6-adrenergic  receptors  and  of  [  H]WB-4101  to  a-adrener- 
gic  receptors  in  rat  cerebral  cortical  membranes  was  studied.   (+)5-F-NE  was 
more  potent  than  (+)NE  in  displacing  both  specific  radioligands.   (+)6-F-NE  on 
the  other  hand  was  equipotent  with  (-)NE  for  a-receptors  and  almost  totally 
inactive  for  6-receptors.   Examination  of  these  derivatives  in  preparations  of 
guinea  pig  atria  and  aorta  indicated  that  5  F-NE  was  equipotent  or  slightly  more 
potent  in  both  organ  preparations;  (+)6-F-NE  was  equipotent  with  (+)NE  as  re- 
gards stimulation  of  contraction  of  the  aortic  strip  (primarily  an  alpha  re- 
sponse) and  nearly  without  effect  in  the  guinea  pig  atrial  preparation  (pri- 
marily a  beta  response).   (+)2-F-NE  on  the  other  hand  failed  to  stimulate  the 
aortic  strip  and  was  only  slightly  less  effective  than  (+)NE  in  the  atrial 
preparation.   The  response  of  6-F-NE  was  blocked  by  phentolamine  and  while  the 
response  to  (+)2-F-NE  was  blocked  by  propranolol. 

The  fluorine  substituted  analog  of  histidine,  L-2-f luorohistidine,  (2FHis), 
has  been  shown  to  be  a  reversible  bond  marrow  depressant  and  to  induce  a  rever- 
sible atrophy  of  the  spleen,  thymus,  and  lymph  nodes  in  mouse.   A  study  of  the 
biochemical  mechanism  underlying  this  action  revealed  that  [  H]2FHis  is  in- 
corporated into  murine  protein  in  vivo  by  a  cycloheximide-sensitive  system.   The 
extent  of  2FHis  incorporation  is  20%  of  that  of  histidine  and  has  a  similar  dis- 
tribution and  time  course.   Unlike  histidine,  however,  2FHis  gives  rise  to  an 
acid-soluble  metabolite  which  is  retained  in  mouse  tissues  for  >  72  hrs.   [  H]- 
2FHis  is  incorporated  into  hot,  TCA- insoluble  material  when  conf luent-monolayers 
of  mouse  L-cells  are  exposed  to  [  H]2FHis  in  histidine-free  media.   [  H]2FHis 
incorporation  into  L-cell  protein  is  blocked  by  cycloheximide, -excess  cold  2FHis 
or  histidine.   SDS-PAGE  patterns  of  L-cell  lysates  following  [  H]2FHis  treatment 
were  identical  to  those  obtained  with  [  H] -histidine.   The  effect  of  2FHis  on  de 
novo  protein  synthesis  was  determined  in  the  following  cell-free  systems:  1)  EMC 
(encephalomyocarditis  virus) -RNA  directed  synthesis  in  Krebs-2  cell,  S^q  ex- 
tracts, 2)  EMC-RNA  directed  and  endogenous  synthesis  in  mouse  L-cell,  S^q  ex- 
tracts, and  3)  Poly  (U,C)  directed  synthesis  in  E.  coli,  S^q  extracts.   2F|is 
blocked  the  incorporation  of  [^H]-His  (ID  -^10  yM)  and  failed  to  block  [  H]- 
leucine  incorporation.   [''H]2FHis  is  taken  up  by  rabbit  reticulocyte  Prepara- 
tions and  is  incorporated  into  hemoglobin.   The  incorporation  is  blocked  by  cy 
clohexi^ide  and  by  excess  exoeenous  histidine.   2FHis  failed  to  block  the  incor- 
poration of  [^H] -leucine  or  [^H]2-phenylalanine  into  newly  synthesized  hemo- 
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globin.   The  present  evidence  suggests  that  2-FHis  is  incorporated  in  peptide 
structures  in  place  of  histidine. 

The  Role  of  Cyclic  Nucleotides  in  the  Nervous  System 

Gangliosides  activate  adenylate  cyclases  by  about  two-fold  in  membrane  mt  - 
parations  from  rat  cerebral  cortex.   The  activation  is  very  rapid  even  at  0°B 
appears  relatively  irreversible.   Activation  is  maximal  at  about  100  yM  conceu 
trations  of  mixed  gangliosides.   Gangliosides  activate  adenylate  cyclases  both 
in  the  presence  and  absence  of  membrane  calcium-dependent  activator  protein. 
Guanyl  nucleotides,  S-agonists,  fluoride  ions  or  detergent  cause  further  activa- 
tions of  ganglioside- treated  adenylate  cyclase,  while  phospholipids  no  longer 
activate  the  cyclase  after  treatment  with  gangliosides.   Proteases  at  low  con- 
centrations activate  membrane  adenylate  cyclase  by  as  much  as  4-fold  if  the  pro- 
tease is  present  during  the  assay.   After  pretreatment  with  a  protease  such  as 
trypsin,  followed  by  assay  in  the  absence  of  trypsin,  the  adenylate  cyclase  ap- 
pears activated  by  only  about  1.4-fold;  i.e.,  the  protease  activation  appears 
readily  reversible.   The  mechanism  for  the  apparent  reversible  activation  of 
adenylate  cyclase  by  proteases  is  unclear.   However,  trypsin  will  still  activate 
cyclases  in  ganglloside-treated  membranes.   Activation  of  adenylate  cyclase  by 
either  gangliosides  or  proteases  is  greatest  when  assayed  from  30-40°  and  is 
minimal  when  assayed  at  10°  or  50° .   The  significance  of  ganglioside-elicited 
activation  of  adenylate  cyclase  in  brain  membranes  is  under  investigation. 
(Partington) . 

The  role  of  guanyl  nucleotides  in  the  regulation  of  the  responsiveness  Q^^ 
adenylate  cyclase  in  intact  cells  is  unclear.   A  variety  of  compounds  have  ntP 
been  investigated  as  antagonists  of  the  binding  of  radioactive  guanylylimido- 
diphosphate  to  membranes  preparations  from  rat  brain.   Classes  of  compounds 
which  might  penetrate  cells  and  block  intracellular  guanyl  nucleotide  sites 
were  not  discovered.   Certain  antibiotics  can  cause  selective  reductions  of 
GTP  levels  in  intact  cells.   However,  in  brain  slices,  hadacidin  and  mycopheno- 
lic  acid  had  no  significant  effect  on  levels  of  GTP  or  on  responses  of  cyclic 
AMP-generating  systems  (Partington) . 

Rat  brain  membranes  contain  two  forms  of  phosphodiesterase:   a  minor  cal- 
cium-dependent enzyme  and  a  major  calcium- independent  enzyme.   A  large  fraction 
of  the  latter  enzyme  is  readily  solubilized  from  membranes  by  homogenization 
and  washing.   The  major  soluble  form  in  brain  homogenates  is,  however,  the 
calcium-dependent  enzyme.   This  enzyme  exhibits  a  low  basal  activity  which  can 
be  completely  suppressed  by  physiological  concentrations  of  potassium  ions. 
The  enzyme  is  markedly  activated  by  the  presence  of  calcium  and  a  calcium- 
dependent  activator  protein.   It  is  also  reversibly  activated  by  certain  phos- 
pholipids and  by  gangliosides.   Activation  by  phospholipids  is  nearly  additive 
with  activation  by  activator  protein,  while  activation  by  gangliosides  and  M 
activator  protein  is  not  additive.   Trypsin-treatment  activates  the  enzyme.  W 
The  trypsin-activated  enzyme  is  still  activated  by  phospholipids  but  not  by 
gangliosides  or  activator  protein.   The  calcium-dependent  phosphodiesterase  is 
unaffected  by  activator  protein  or  gangliosides  while  in  brain  membranes.   The 
results  suggest  that  the  cytosolic  enzyme  is  totally  dependent  on  calcium  plus 
activator  protein,  although  enzyme  activity  can  be  elevated  in  the  absence  of 
calcium  by  gangliosides  via  interaction  with  the  activator  protein  site  and  bj^ 
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phospholipids  via  Interaction  with  another  site.  (Davis) 

Heat  stabile  protein  factors  which  inhibit  basal  activity  of  calcium-de- 
pendent phosphodiesterase  were  isolated  from  soluble  fractions  of  rat  cerebral 
cortex.   Unlike  the  calcium-dependent  activator  of  the  same  enzyme,  these  in- 
hibitory factors  were  remarkably  stable  to  heat-treatment  under  basic  conditions. 
The  inhibitory  factors  did  not  inhibit  the  stimulated  activity  of  the  phosphodi- 
esterase measured  in  the  presence  of  calcium  plus  activator  protein  nor  the 
activity  of  calcium-independent  phosphodiesterase.   Indeed,  the  factors  stabili- 
zed the  latter  enzyme  in  a  nonspecific  manner.   If  such  factors  have  a  physio- 
logical role  it  would  be  to  increase  the  dependency  of  the  calcium-dependent 
phosphodiesterase  on  calcium  ions.   Protamine  mimicked  the  effects  of  the  in- 
hibitory factors.   Inclusion  of  protamine,  thus  significantly  increased  the 
sensitivity  and  precision  of  the  enzymatic  assay  for  calcium-dependent  activator 
protein.  (Kanamori) 

An  affinity  column  containing  calcium-dependent  activator  protein  has  been 
used  to  investigate  enzymes  involved  in  cyclic  nucleotide  metabolism.   Calcium- 
dependent  phosphodiesterase  binds  to  the  column,  while  solubilized  adenylate 
cyclase  and  calcium- independent  phosphodiesterase  do  not.   After  trypsin- 
activation  the  calcium-dependent  phosphodiesterase  no  longer  binds  to  the  column. 
No  evidence  for  a  protein  fragment  which  binds  to  the  column  and  which  should 
inhibit  the  activation  of  calcium-dependent  phosphodiesterase  by  activator 
protein  was  obtained  after  trypsin-treatment.   Lysophosphatidylcholine  has  been 
proposed  to  activate  calcium-dependent  phosphodiesterase  through  interaction 
with  the  activator-binding  site.   However,  the  phospholipid  does  not  prevent 
binding  of  the  phosphodiesterase  to  the  column.   Proteins  which  bind  radio- 
active guanylylimidodiphosphate  were  retained  in  the  affinity  column  and 
eluted  with  the  calcium-dependent  phosphodiesterase.   Other  guanyl  nucleotide- 
binding  proteins  did  not  bind  to  the  column.   Such  binding  proteins  were  found 
to  be  associated  with  fractions  from  Sephadex  and  Sepharose  which  contained 
phosphodiesterases.   (Davis,  Partington) 

Responses  of  cyclic  AMP-generating  systems  to  biogenic  amines,  adenosine, 
glutamate,  and  depolarizing  agents  are  retained  in  microsac  preparations  ob- 
tained from  guinea  pig  cerebral  cortical  slices  by  homogenization  in  Krebs- 
Ringer  media,  but  are  lost  in  synaptosome  preparations  obtained  by  homogeniza- 
tion in  isotonic  sucrose.   The  magnitude  of  the  responses  in  microsacs  are  less 
than  in  slices,  but  the  nature  of  the  receptor  -  a-adrenergic  for  norepinephrine, 
H^ -histaminergic  for  histamine  -  and  the  dependence  of  the  amine-responses  on 
extracellular  calcium  or  adenosine  are  retained.   Thus,  a  prior  incubation  with 
adenosine  deaminase  to  destroy  endogenous  adenosine  results  in  a  virtually  com- 
plete abolition  of  norepinephrine  responses  and  a  marked  reduction  in  histamine- 
responses.   Synergistic  activation  of  cyclic  AtlP-generating  systems  with  com- 
binations of  histamine,  norepinephrine,  and  adenosine  are  now  manifest.   2'- 
Deoxycoformycin  was  added  to  inactivate  adenosine  deaminase  during  assay  of 
cyclic  AMP-formation.   Desensitization  of  receptor-adenylate  cyclase  complexes 
appears  characteristic  of  the  microsac  preparation.   Thus,  adenosine-responses 
decline  about  60  percent  during  a  prolonged  90  min  incubation  of  microsacs.  If 
endogenous  adenosine  is  eliminated  by  adenosine  deaminase  the  adenosine-response 
does  not  significantly  decrease.   Norepinephrine-responses  also  apparently  de- 
crease during  prolonged  incubations  because  of  the  presence  of  endogenous  nor- 
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epinephrine.   Thus,  the  decrease  in  norepinephrine-responses  is  attenuated  i; 
microsacs  from  reserpine-treated  animals.   (Creveling) 


I 


Adenylate  cyclase  activity  in  membrane  preparations  decreases  by  fifty 
percent  during  a  one  hour  incubation  of  rat  brain  slices.   Fluoride  and  guanyl- 
imidodiphosphate  activations  also  decrease,  while  responses  to  norepinephrine 
and  ganglioside  are  completely  lost.   An  activation  of  membrane  cyclases  by 
trypsin  is  still  manifest  after  the  one  hour  preincubation  but  is  markedly  r^ 
duced.   Stimulation  of  cyclic  AMP-generating  systems  during  incubation  of  si: 
has  no  apparent  effect  on  adenylate  cyclase  activity  or  on  levels  of  calcium- 
dependent  activator  protein  in  membranes.   (Davis,  Partington) 
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Rats  raised  on  tryptophan-free  diets  have  markedly  reduced  growth,  a 
stimulus-sensitive  tremor  and  absence  of  diurnal  activity  cycles.   Although  sero- 
tonin levels  are  reduced  to  nondetectable  levels  in  brain,  serotonin-sensitive 
cyclic  AMP-generating  systems  could  still  not  be  clearly  demonstrated  in  cere- 
bral cortical  slices.   Uptake  of  serotonin  into  synaptosomes  was  also  unaffected. 
Serotonin  levels  were  rapidly  restored  in  these  rats  upon  addition  of  tryptophan 
to  the  diet  and  was  followed  by  return  of  sleep  cyclic,  loss  of  tremors,  and  re- 
storation of  growth.    (Creveling) 

The  accumulation  of  cyclic  AMP  elicited  by  adenosine  in  rat  and  guinea  pig 
cerebral  cortical  slices  is  significantly  increased  by  prior  treatment  of 
animals  with  reserpine.   Other  treatments  which  deplete  biogenic  amines,  for 
example,  6-hydroxydopamine,  do  not  result  in  such  enhanced  responses  to  adeno- 
sine.  It  appears  that  adenosine,  calcium  ions,  and  prostaglandin  are  intimate- 
ly related  in  the  central  nervous  system.   Therefore,  adenosine-responses  areA 
under  investigation  in  animals  which  have  been  treated  with  other  agents,  whiW 
like  reserpine  affect  calcium  levels,  or  with  agents  which  affect  prostaglandin 
biosynthesis.   (Smellie) 

The  relative  importance  of  reuptake  and  deamination  to  the  inactivation  of 
endogenous  adenosine  in  brain  slice  preparations  has  been  investigated  xri.th 
dipyridamole,  a  potent  uptake  inhibitor  and  deoxycoformycin,  a  potent  inhibitor 
of  adenosine  deaminase.   It  would  appear  that  both  pathways  play  a  role  since 
both  agents  lead  to  a  potentiation  of  norepinephrine  and  veratridine-elicited 
accumulations  of  cyclic  AMP  in  rat  brain  slices.   (Nimitkitpaisan,  Skolnick) 

A  variety  of  alkyxanthines  have  been  investigated  with  regard  to  inhibition 
of  various  phosphodiesterases  from  rat  brain  and  with  regard  to  inhibition  of 
adenosine-elicited  accumulations  of  cyclic  AMP  in  brain  slices.   Isobutyl- 
methylxanthine,  its  7-benzyl  and  8-bromo  anlogs  and  8-methyltheophylline  are  the 
most  potent  phosphodiesterase  inhibitors  although  their  potency  varies  considera- 
bly for  the  different  isozymes.   8-Phenylisobutylmethylxanthine  is  the  most 
potent  adenosine  antagonist.   1,3-Dibutylxanthine  represents  a  potent  adenosine 
antagonist  which  is  relatively  weak  as  a  phosphodiesterase  inhibitor.   Clear ]A 
inhibition  of  phosphodiesterases  and  antagonism  of  adenosine-responses  by  all^ 
xanthines  can  be  selectively  and  independently  altered.   (Davis,  Smellie) 

The  £-isomer  of  phenylisopropyladenosine  is  many  fold  more  potent  than  the 
d-isomer  in  eliciting  accumulations  of  cyclic  AMP  in  brain  slices.   Both  isomers 
appear  to  interact  with  adenosine  receptors  since  the  responses  are  blocked  by 

I 

166  ^- 


theophylline.   The  -^-isomer  is  also  much  more  potent  than  the  d-isomer  in 
antagonizing  evoked  potentials  in  rat  hipppocampal  slices.   (Smellie) 

Potential  ligands  for  adenosine  receptors  have  been  prepared.   With  radio- 
active 2-chloroadenosine,  a  potent  agonist  at  adenosine-sensitive  cyclic  AMP- 
generating  systems,  specific  binding  could  not  be  reproducibly  assessed.   How- 
ever, with  radioactive  adenine  arabinofuranoside,  a  potent  adenosine  antagonist, 
high  affinity  specific  binding  to  rat  brain  membranes  has  been  demonstrated. 
(Nimitkitpaisan,  Skolnick) 
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Project  Description 

Objectives :   Homogeneous  iimnunoglobulins  can  be  obtained  from  plasma  tumors. 
The  study  of  their  interaction  with  polysaccharide  antigens  will  reveal  much 
about  the  nature  of  action  of  antibodies  and  about  their  structure.   Also,  these 
systems  are  a  general  model  for  protein/carbohydrate  interactions  about  which 
little  is  known  to  date. 

Methods  Employed :   The  usual  techniques  of  chemistry  and  biochemistry  are 
employed,  such  as  affinity  chromatography  employing  hapten-coupled  sepharose 
columns,  fluorescence  titration,  organic  synthesis,  gas-liquid  chromatography, 
mass  spectroscopy,  etc. 

Major  Findings 

1.  The  Binding  of  Aromatic  Derivatives  of  Saccharides  to  Immunoglobulins. 

Table  I  shows  the  affinity  constants  (Ka  values)  for  the  methyl  6-0-dansyl- 
3-D-galactopyranoside  (1),  6-0-(6-0-dansyl-S-D-galactopyranosyl) -D-galactose  (2) 
and  6-0-S-p-galactopyranosyl-D-galactose  (3)  with  a  number  of  myeloma  IgA's 
having  antigalactan  specificity.   All  immunoglobulins  had  been  purified  by 
affinity  chromatography.   Proteins  T-191  and  J-1  had  previously  been  reported 

TABLE  I 

Affinity  Constants  of  IgA's  and  IgA  fragments  with  D-Galactose  Ligands 

Antigalactan  immunoglobulin    Ligand      Fj^^jj  (%)     Affinity  constant  (Ka) 

T-191  2  -30  0.87  (+0.024)  x  10^ 

J-1  2  -47  0.97  (+0.038)  x  10^ 

J-539  2  -47  1.33  (+0.05)  x  10^ 

J-539  Fab'  2  -49  1.64  (+0.02)  x  lO^ 

T-191  1  -11  2.47  (+0.07)  x  10, 

J-539  Fab'  3  +19  1.60  (+0.03)  x  10 

to  show  no  ligand-induced  fluorescence  with  3-g-( 1-^6) -linked  D-galactopyrano- 
oligosaccharides;  however,  we  have  recently  found  small  changes  in  tryptophanyl 
fluorescence  for  these  two  proteins  upon  binding  to  disaccharide  3  (^-5%)  and 
methyl  3-D-galactopyranoside  ("^-4%) ,  by  using  the  more-sensitive  Perkin-Elmer 
MPF-3L  instrument.   This  shows  that  transfer  of  energy  for  the  aromatic  residues 
near  the  combining  regions  of  these  proteins  can  be  caused  by  the  binding  of 
ligand,  although  to  a  smaller  extent  than  for  some  of  the  other  antigalactan 
proteins  already  reported  on. 

The  use  of  dansylated  saccharides  (galactose-containing)  as  ligands  led  to 
extensive  quenching  of  the  fluorescence  of  T-191  and  J-1;  this  effect  was  also 
found  for  J-539,  a  protein  that  shows  fluorescence  changes  induced  by  3  (and 
other  3-D-galactosyl  ligands).   It  may  be  seen  from  Table  I  that  2  binds  to 
J-539  Fab'  with  an  affinity  constant  that  is  considerably  larger  than  the  con- 
stant for  3  and  J-539  Fab'.   This  prompted  us  to  investigate  whether  2  and  3 
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actually  bind  to  the  same  combining  region  of  J-539.   This  can  be  done  by 
quantitative  evaluation  of  the  degree  of  competition  between  2  and  3  for  the 
combining  region  of  J-539;  therefore,  the  fluorescence  changes  for  J-539  Fab' 
in  the  presence  of  a  constant  amount  of  2  and  increasing  proportions  of  3  were 
monitored.   The  results  of  the  competition  experiments  are  shown  in  Table  II. 
The  theoretical  values  for  the  fraction  of  sites  saturated  by  3  and  2  were    M 
calculated  as  follows :  ^ 

When  two  Uganda,  A  and  B,  compete  for  the  same  binding-site  on  a  protein 
the  fraction  of  sites  occupied  by  either  ligand  (v^.  or  Vg)  is  related  to  the  Ka 
value  for  A  or  B  (K^  and  K|)  and  the  concentration  of  free  ligand,  C^  and  Cg, 
by  the  equations  _     a         j. 


V . 


'A   ^V^l^'^'aS^^V      (i> 
and 


V 


=  K^C,/(1  +  K^C,  +  K^CJ.     (2) 


B    a  B       a  B    a  A 

In  these  equations,  the  concentration  of  free  ligand  C  =  C^otal  ~  '-•bound' 
or  C  =  Cadded  -  v [sites].   In  our  titrations,  for  Ka  values  in  the  range  of 
10'^  M"-'-,  the  concentration  of  ligand  exceeds  the  concentration  of  protein  by 
a  factor  of  100  or  more.   Therefore,  the  term  v [sites]  is  sufficiently  small 
that  C  =  Cadded- 

Hence,  if  K^  and  k|  can  be  determined  independently,  v^  and  Vg  at  any  givei^ 
concentration  of  A  and  B,  when  both  are  present  simultaneously,  may  be  calcula* 
by  equations  I   and  2.      Also,  if  the  AFmax  values  for  both  ligands  in  question  H 
known,  the  relative  contribution  of  each  ligand  to  the  overall  change  in  fluor- 
escence may  be  calculated  (as  v  =   AF/AFmax) • 

TABLE  II 

Competition  Between  Gal2  (3)  and  6-dansyl-Gal2  (2)  for  the  combining  site  of 

J-539  Fab' 


[2] 

Theoretical 

AF 

[3] 

ia5 

in5 

V 

V 

AF 

AF   Net  AF 

(observed) 

X  10 

X  10 

(3) 

(2) 

(2) 

(3)  (calculated) 

0.00 

7.84 

0.000 

0.564 

-14.72 

0.00   -14.72 

-15.4 

6.65 

7.86 

0.316 

0.385 

-10.07 

+3.24    -6.83 

-7.3 

13.3 

7.87 

0.481 

0.292 

-7.62 

+4.94    -2.68 

-2.8 

19.9 

7.87 

0.581 

0.236 

-6.16 

+5.97    -0.19 

-0.3 

33.1 

7.88 

0.697 

0.170 

-4.43 

+7.16    +2.73 

+2.8 

46.3 

7.88 

0.763 

0.133 

-3.47 

+7.84    +4.37 

+4.30 

66.1 

7.89 

0.821 

0.100 

-2.61 

+8.43    +5.82 

+5.70 

I 


It  is  apparent  from  Table  II  that  the  net  AF  calculated  is  in  very  good 
agreement  with  the  observed  AF,  suggesting  that  3  and  2  compete  for  the  same 
binding  site  on  the  J-539  molecule. 
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An  explanation  for  the  increased  binding  of  2  with  J-539,  when  compared 
with  the  "homologous",  3  ligand,  therefore  remained  to  be  found.   Work  in  this 
laboratory  on  a  model  of  the  combining  region  of  J-539  has  shown  that  this 
region  is  lined  with  a  number  of  residues  of  aromatic  amino  acids.   In  addition, 
we  have  previously  shown  that  3  binds  to  J-539  with  its  unsubstituted  5-(hydroxy- 
methyl)  group  projecting  towards  the  solvent.   From  that  result,  it  is  to  be 
expected  that,  even  a  substituent  as  large  as  the  dansyl  group  should  not 
sterically  interfere  with  the  binding  of  the  saccharidic  portion  in  2  to  J-539, 
if  that  substituent  is  located  on  0-6,  as  is  the  case  here.   The  enhanced  binding 
of  2  could  be  due  to  a  hydrophobic-binding  contribution  from  the  dansyl  group 
and  a  nearby  aromatic,  amino  acid  residue.   From  the  model  of  J-539,  it  appears 
that  the  aromatic  substituent  on  Gal2  in  2  could  very  well  interact  with  tyro- 
sine residue  101  of  the  H-chain,  located  in  the  binding  area  in  J-539,  to  engage 
in  hydrophobic  binding.   The  additional  binding-energy  expected  for  the  dansyl 
derivatives,  compared  to  those  of  the  unsubstituted  D-galactose-ligands ,  would 
be  substantial,  and  the  results  in  Table  I  show  this  to  be  so.   The  free-energies 
of  binding  (AG)  for  J-539  and  3  and  2  are  -5769  and  -7156  calories  respectively, 
as  calculated  from  the  Ka  values  by  the  equation  ^G  =   -RTlnKa.   Thus,  ■^--5.9  kJ 
('\^-1.4  kcal)  of  additional  binding-energy  is  involved  for  the  dansyl  derivative 
and  J-539,  compared  with  3  and  J-539.   General  values  for  hydrophobic  bonding 
between  two  aromatic  residues  indicate  that  this  value  is  reasonable.   It  thus 
appears  that  at  least  one  aromatic  amino  acid  residue  in  the  immunoglobulin  is 
capable  of  _nteracting  with  the  dansylated  ligand   (M.K.  Das,  A.K.  Bhattacharjee 
and  C.P.J.  Glaudemans) . 

2.  The  Binding  of  Anti-inulin  Immunoglobulins  to  Inulo-oligosaccharides. 

In  the  BALB/c  mouse,  two  groups  of  myeloma  immunoglobulins  with  anti- 
fructofuranan  specificity  are  known.   The  first  group  includes  UIO,  A48,  and 
Y5476,  which  precipitate  with  bacterial  levan  but  not  with  inulin.   The  second 
group  of  immunoglobulins,  namely,  A4,  A47N,  U61,  E109,  and  J606,  displays  an 
apparently  dual  specificity.   They  react  not  only  with  inulin  but  also  with 
bacterial  levan.   Inulin  consists  entirely  of  £ (2-l)-linked  D-f ructofuranosyl 
residues  (while  terminated  by  a  sucrose  residue),  whereas  bacterial  levan  is  a 
branched  pol}mier  of  6(2-1-6) -linked  D-f  ructofuranosyl  residues  with  3(2-1)  linkages 
at  the  branch  points.   We  propose  that  binding  of  anti-inulin  immunoglobulins  to 
bacterial  levans  is  mediated  through  the  3 (2^6)-linked  f ructofuranosyl  residues 
in  the  latter  polysaccharide,  and  not  through  its  8(2^1)-linked  branch  points. 
This,  because  the  latter  linkages  are  located  internally  in  the  antigen  (at  the 
branch  points)  and  are  probably  not  available  to  the  immunoglobulin  combining 
site.   However,  in  order  to  unambiguously  verify  this,  it  is  necessary  to  study 
the  binding  with  a  levan  which  is  actually  devoid  of  3 (2-i-l) -linkages.   Such  a 
levan  is  the  one  we  obtained  from  rye  grass,  which  in  contrast  to  bacterial 
levan,  is  a  polysaccharide  made  up  entirely  of  3(2-6)-linked  D-fructofuranosyl 
residues,  albeit  terminated  by  a  sucrose  unit.   Therefore,  both  inulin  and  grass 
levan  are  essentially  (not  counting  the  one  terminal  glucose  residue  per  poly- 
saccharide molecule)  homopolysaccharides  (for  the  structure  of  rye  grass  levan, 
see  below) . 

We  have  measured  the  binding  of  these  two  polysaccharides  with  the  Fab' 
fragments  of  four  homogeneous  immunoglobulins  having  inulin-binding  activity 
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(E109,  A47N,  A4  and  U61)  .  In  addition,  the  binding  of  th*ese  two  antigens  with 
UIO  (an  anti-levan  immunoglobulin)  was  investigated.  From  these  data  and  from 
reflections  on  the  molecular  models  of  inulin  and  grass  levan,  as  well  as  on  a 
hypothetical  model  of  E109,  we  can  propose  an  explanation  for  the  binding  of 
both  g(2-^l)  and  S(2^6)-linked  D-fructofuranans  to  these  inulin-binding  homo- 
geneous immunoglobulins: 


c 


I 


Anti-inulins  bind  both  inulin  and  levan,  whereas  anti-levans  bind  only 
levan.   When  building  molecular  models  of  6 (2-^6) -linked  and  6(2^1) -linked  D- 
fructofuranans — either  space  filling,  or  other — it  readily  becomes  clear  that 
the  6 (2^) -linked  polysaccharide  is  much  more  extended  than  the  bulky  S(2->-l) 
polymer.   At  the  fullest  extension  inulin  has  approximately  4  A  per  fructose 
moiety,  whereas  levan  has  ca.  6  A  per  residue. 

It  is  to  be  expected  that  immunoglobulins  with  an  £  priori  anti-inulin 
binding  affinity  would  have  to  possess  a  wide  open  combining  area  so  as  to  be 
able  to  accommodate  the  bulky  6 (2->-l) -linked  fructofuranan  antigen  .   Sequencing 
in  Dr.  Potter's  laboratory  (NCI)  of  the  four  murine  anti-inulin  immunoglobulins 
studied  here  has  revealed  that  E109,  A47N,  A4,  and  U61  are  unusual  in  possessing 
an  extremely  short  third  hypervariable  region  of  the  heavy  chain  (H3) ,  namely, 
only  one  amino  acid.   Thus,  the  H3  of  E109,  instead  of  largely  sealing  off  the 
approach  to  a  wide  central  valley  in  the  Fv,  as  it  does  in  Mc503  and  other 
immunoglobulins,  would  allow  this  complementarity  region  to  be  left  wide  open. 
A  hypothetical  model  of  E109  shows  this  to  be  so.   Thus,  the  bulky  8 (2-^1) -g- 
fructofuranan  would  be  capable  of  entering  into  the  Fv  complementary  region 
of  E109  and  engage  in  interactions  with  the  surface  of  the  shallow  but  wide 
valley  making  up  the  binding  region.   We  propose  that  the  extended  conformation 
of  a  S(2->6)-D-fructofuranan  such  as  grass  levan  will  also  be  capable  of  entering 
(at  least  partly)  into  this  wide  combining  region.   It  must  be  clear  however 
that  the  capability  of  entering  into  an  immunoglobulin  combining  region  is  not 
a  sufficient  reason  for  an  antigen  to  bind .   It  must  also  show  complementarity, 
at  least  partially.   A  model  of  a  8 (2-*-l) -linked  fructofuranan  reveals  that  an 
intercatenary  disaccharide  segment  of  the  chain  can  assume  a  conformation 
wholly  superimposable  on  that  of  the  3 (2-»-6) -linked  fructofuranan.   If  the  carbon 
atoms  of  one  residue  in  inulin  are  renumbered  in  reverse,  they  would  form  the 
correct  numbering  (and  structure)  of  a  D-fructofuranosyl  unit  which  is  linked 
8(2-*-6),  except  for  the  oxygen  atom  at  position  5'  and  the  hydrogen  atom  at 
position  2'.   Thus,  a  disaccharide  segment  in  inulin  nearly  completely  mimics 
levanbiose;  it  should  be  kept  in  mind,  however,  that  in  levan  the  chain  would 
run  perpendicularly  to  the  inulin  chain.   Thus,  a  3(2^6) -linked  fructofuranan, 
capable  of  mimicking  the  dimer  fragment  of  inulin,  should  bind  to  E109  with  an 
affinity  close  to  that  of  inulobiose  or  1-kestose,  since  1-kestose  is  inulobiose 
with  a  terminal  glucose  residue  (and  we  have  already  shown  that  the  terminal 
glucose  in  kestose  essentially  does  not  bind  to  E109  or  A47N) .   It  can  be  see|4 
from  Table  III  that  this  is  so,  as  in  fact  grass  levan  does  bind  reasonably  weW 
to  E109  with  a  Ka  (2.9  X  10^  M'^)  comparable  to  that  of  1-kestose  (Ka  =  1.2  x 
10'^  M-1)  .   Inulobiose  itself  binds  to  E109  with  a  Ka  of  0.8  x  10^  M"! .   Although 
the  latter  Ka  is  lower  than  the  Ka  of  levan  or  kestose  with  E109,  this  is  to  be 
expected  as  inulobiose  has  a  reducing  end,  which  could  form  a/B-pyranoses  and 
furanoses  in  solution.   Of  these  isomers  only  the  3-furanose  would  be  expected 
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to  bind  to  the  immunoglobulins.   Therefore  the  actual  concentration  of  the  ligand 
having  the  proper  conformation  is  lower  than  the  total  concentration. 


f 


Finally  a  prediction  can  be  made  for  the  combining  site  of  UIO.   We  expect 
that  UIO  will  possess  a  "normal"  H3  region,  similar  to  Mc603  and  other  immuno- 
globulins containing  several  amino  acids,  thereby  causing  a  much  less  open 
binding  valley.   If  that  is  so  one  would  expect  UIO  to  be  incapable  of  binding' 
to  the  bulky  inulin,  and  this  appears  in  fact  to  be  the  case,  since  no  precipitin 
line  could  be  observed  between  inulin  and  UIO  on  agar  double  diffusion,  and  no 
inulin-induced  fluorescence-changes  could  be  observed  for  UIO  (Table  III) .   In 
addition,  Farr-precipitation  of  UIO  with  ^H-labeled  inulin  also  verified  this, 
as  no  count  in  excess  of  the  controls  could  be  precipitated  (Table  IV)  (D.G. 
Streefkerk,  B.N.  Manjula  and  C.P.J.  Glaudemans) . 

TABLE  IV 

3 

H-inulin  binding  to  anti-inulin  and  anti-levan  immunoglobulins  as  measured  by 

the  Farr  assav^ 


Protein  Specificity 


CPM  in  the 
precipitate 


A47N  (2^1)-S-D-fructofuranan  26,500 

E109                 "  24,850 

U61                  "  22,080 

UIO  (2^6)-6-D-fructofuranan  1920 

H-8  Phosphorylcholine  3940 

X-24  (l-^6)-6-D-galactan  3840 

RbyG             4990 

a 


< 


3, 


1.11  nmoles  of  each  protein  was  used.   The  concentration  of  H-inulin  in  the 
reaction  mixture  was  8.4  x  10"^  M/L  (specific  activity  of  2.66  x  lO^^  CPM/M) . 
At  the  concentration  of  Inulin  used  in  the  present  study,  antigen  binding 
cannot  be  accurately  measured  if  the  Ka  were  less  than  0.5  x  10-^  M"-*-. 

Previous  evidence  indicates  that  the  glucose  residue  in  sucrose  contributes 
to  the  binding  with  anti-inulin  immunoglobulin.   However,  me-a-D-glucopyranoside 
itself  does  not  appear  to  be  capable  to  inhibit  the  precipitation  of  U61,  A47N 
and  A4  with  inulin,  although  it  binds  to  these  immunoglobulin  monomers  with  a 
free  energy  of  binding  of  ca.  -3  kcal.   There  is  a  possible  explanation:   meth^ 
a-D-glucopyranoside  may  bind  in  the  immunoglobulin  complementarity  region  but  ^ 
in  a  subsite  which  allows  simultaneous  binding  of  both  this  ligand  and  inulin  ^ 
to  the  immunoglobulin.   This  latter  possibility  appears  most  likely  in  view  of 
the  fact  that  A47N  shows  an  additional  decrease  in  fluorescence  (of  -1.8%)  when 
methyl  glucopyranoside  is  added  to  either  the  monomer  or  Fab'  fragment  already 
saturated  with  me  Fruf^.   The  AF^ax  ^°'^  ^^   Fruf_  is  -4.7  (or  -5.1  for  Fab')  while 
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that  for  me  Glc£  is  only  -2.1  (or  -1.2  for  Fab').   If  indeed  me  Glc£  would  have 
displaced  me  Fruf^  in  the  combining  site  the  AFjnax  ^°^    ^^s  binding  of  me  Fruf^ 
(-5.1)  should  have  approached  that  for  me  Glcp^  (-1.2).   Therefore  this  indicates 
that  me  Glcp  binds  simultaneously  with  me  Fruf_  to  AA7N,  and  that  it  does  so  in 
the  Fab'  fragment. 

TABLE  V 

The  binding  constants  (Ka) ,  maximal  ligand  induced  protein  fluorescent  changes 
(AFmax) >  ^nd  free  energies  of  binding  (AG)  for  a  number  of  ligands  with  the  Fab' 
fragments  of  immunoglobulins  E1G9  and  A47N 


Ligand 

Ka 

(M-1) 

AFmax 

(%) 

AG" 

(kcal) 

E109 
Fab' 

A47N 
Fab' 

E109 
Fab' 

A47N 
Fab' 

E109 
Fab' 

A47N 
Fab' 

Inulobiose 

.79x10^ 

4 
.7x10 

-7.3 

-8.0 

-5.31 

-5.24 

1-k.estose 

1.2x10^ 

1.04x10'"* 

-6.5 

-6.1 

-5.63 

-5.55 

Inulotriose 

1.83x10^ 

1.18x10^ 

-10.5 

-10.0 

-7.17 

-6.91 

Nystose 

2.3x10^ 

1.09x10^ 

-7.3 

-6.6 

-7.4 

-6.96 

Inulotetraose 

3.0x10^ 

1.76x10^ 

-8.1 

-8.8 

-7.46 

-7.15 

Vl 

4.0x10^ 

1.3x10^ 

-6.7 

-4.3 

-7.74 

-7.06 

Inulin 

6.6x10^ 

2.2x10^ 

-4.1 

-5.7^ 

-7.93 

-7.28 

This  value,  quoted  here,  was  measured  by  excitation  at  295  nm. 

In  Table  V  it  can  be  seen  that  inulobiose  and  kestose  show  very  close 
values  for  their  binding  energies  to  both  E109  and  A47N  (Fab').   In  fact  less 
than  6%  increase  is  noted  in  the  binding  energy  with  E109  or  A47N  in  going  from 
inulobiose  to  1-kestose.   Therefore  the  predominant  part  of  the  binding  for 
1-kestose  is  due  to  the  fructofuranosyl  residues.   Yet  methyl  a-D-glucopyranoside 
alone  binds  to  E109,  A4  7N,  and  A4  with  a  free  energy  of  ca.  3  kcal,  about  the 
same  as  for  methyl  6-D-fructofuranoside  and  A47N  and  A4.   It  appears  then  that 
a  glucose  residue  can  bind  to  a  subsite  in  or  near  the  complementarity  region, 
but  that  it  binds  poorly  (in  a  subsite  different  from  the  glucose  subsite)  when 
the  glucose  is  (restrictively)  bound  in  a  fructofuranosyl  containing  oligosaccha- 
ride. 

The  only  remaining  puzzle  would  then  be  that  methyl  a-D-glucopyranoside 
generally  shows  a  lower  absolute  value  for  AFjjj^j^  for  the  Fab'  fragments  of  the 
anti-inulin  immunoglobulins  studied  than  for  the  whole  protein.   At  present. 
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we  have  no  explanation  for  that.   In  any  case,  from  Table  V  it  can  be  seen  that 
for  both  proteins  E109  Fab'  and  A47N  Fab',  inulobiose  binds  nearly  as  strongly 
as  1-kestose,  inulotriose  nearly  as  strongly  as  nystose,  and  inulotetraose  nearly 
as  well  as  F4GJ-.   This  confirms  that  the  terminal  glucose  residue  in  1-kestose, 
nystose  and  F4G]]  binds  weakly,  if  at  all.   An  interesting  observation  can  be  mad^- 
however,  when  these  data  are  compared  to  our  previously  published  data.   In  tnm 
series  sucrose,  1-kestose,  nystose,  F^G]^,  one  can  calculate  the  increases  in  tM^ 
free  energy  of  binding  caused  by  going  from  one  saccharide  to  the  next  higher 
oligomer  as  we  have  done.   There,  it  was  assumed  that  each  carbohydrate  residue 
as  it  is  related  to  the  terminal  glucose  unit  has  its  own  specific  subsite  in 
the  complementarity  region  of  the  immunoglobulin.   This  need  not  be  the  case. 
Consider  the  A47N  monomer.   Sucrose  binds  to  A47N  monomer  with  a  AG  of  -4.25 
kcal.   Obviously,  if  methyl  S-D-fructofuranoside  binds  with  a  AG  of  -3.1  kcal, 
then  this  can  be  interpreted  that  the  glucoside  moiety  of  sucrose  could  bind 
with  AG  of  -4.25-(-3.1)  =  -1.15  kcal.   Alternatively,  one  can  look  at  the  AG 
of  binding  for  the  methyl  a-D-glucoside  (AG  =  -3  kcal)  and  allot  the  difference 
between  the  binding  energy  of  sucrose  and  the  glucoside  (-4.25-(-.3)  =  -1.25) 
to  methyl  g-D-fructofuranoside.   If,  however,  the  glucoside  residue  in  sucrose 
would  bind  with  such  a  high  free  energy,  it  would  appear  that  the  sucrose  moiety 
of  1-kestose  would  also  place  the  glucoside  part  in  that  subsite.   That  does  not 
appear  to  be  the  case  since  inulobiose  and  1-kestose  bind  with  nearly  the  same 
free  energies  (Table  V).   Thus,  it  is  more  likely  that  we  are  dealing  with  anti- 
fructofuranans  and  not  with  specificities  directed  primarily  against  a  single 
glucoside  residue.   Thus,  we  propose  that  the  glucopyranoside  residue  in  sucrose 
happens  to  be  capable  of  binding  weakly  to  the  immunoglobulin  (AG  =  -1.15  kcal) 
That  is  to  say  the  subsite  next  to  the  strongest  fructofuranosyl  binding  subsi! 
can  bind  the  glucose  residue  somewhat.   In  1-kestose  that  subsite  will  be  filled 
with  a  fructofuranosyl  residue  and  the  glucoside  is  shifted  to  the  next  subsite 
where  it  only  binds  with  free  energy  of  AG]__i^egtose  ~  -5.55-(5.24)  =  -0.3  kcal. 
It  can  be  seen  that  the  middle  fructofuranosyl  residue  of  1-kestose  binds  to  its 
subsite  with  an  approximate  AG  of  ^Gi^^^stose   "  ^^  l^^ose  in  kestose  " 
^Gmethyl  Fruf=  -5 . 55-(-0 . 3)-(-3 .1)  =  -2.15  kcal.   That  is  considerably  higher 
than  the  free"  energy  of  binding  the  glucoside  moiety  of  sucrose  had  in  that 
subsite,  and  adequately  explains  the  preference  that  subsite  would  have  for 
the  middle  fructofuranosyl  residue  in  1-kestose.   Thus,  it  is  proposed  that 
the  binding  data  obtained  here  with  inulooligosaccharides  containing  fructose 
only  and  E109  and  A47N  Fab'  indicate  a  mode  of  binding  as  follows:   there  is 
a  subsite  capable  of  binding  a  Fruf^  unit  with  a  free  energy  of  binding  higher 
than  for  any  other  subsite.   That  site  is  always  filled  first.   Terminally 
linked  glucose  may,  coincidentally,  contribute  more  or  less  to  the  binding, 
depending  on  the  kind  of  "fit"  it  has  with  the  potential  Fru_f  binding  site  it 
is  near  to.   If  the  four  subsites  in  A47N  are  named  A,  B,  C,  and  D,  the  following 
proposal  can  be  made,  if  it  is  assumed  that  the  highest  binding  subsite  has  a 
free  energy  of  binding  with  an  intercatenary  Frujf  unit  equal  to  that  for  methy^ 
6-D-fructofuranoside.   Actually,  the  latter  glycoside  may  bind  somewhat  strongW 
as  it  has  an  extra  -CH3  group  (compared  to  a  Fruf^  unit  in  the  polysaccharide)  as 
to  the  mode  of  binding.   The  subscript  for  each  sugar  unit  indicated  the  AG  of 
binding  in  that  position: 
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Ligand 

A 

B 

C 

D 

Sucrose 

^.1 

^1.15 

l-kestose 

^3.1 

^2.15 

^0.3 

Nystose 

^3.1 

^2.15 

^1.67 

S.04 

h< 

^3.1 

^2.15 

^.67 

^0.14 

G 
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This  mode  of  binding  would  indicate  that  A47N  and  E109  have  affinity  for  the 
fructosyl  units  of  inulin  only,  and  that  the  terminal  glucose  in  inulin  contri- 
butes little  if  at  all  to  the  binding  of  the  whole  polysaccharide  with  these 
immunoglobulins.  We  are  not  able  to  rule  out  a  possible  independent  binding 
site  for  an  a-glucopjrranosyl  residue,  however  (M.K.  Das,  D.G.  Streefkerk  and 
C.P.J.  Glaudemans) . 

3.  Immunoglobulins  with  Dual  Specificity. 

Four  recombinants  were  prepared  with  H  and  L  chains  of  M  384  and  M  870  with 

M  603.   The  recombinants  were  Yi^^O^i^^^^ ,    H2^^^L2^°3,  R2^^^'^2^'^'^ ^  ^nd  H287OL26O3. 

The  recoveries  of  the  monomeric  immunoglobulins  were  60  to  80%  of  the  total 
indicating  theii  ease  of  formation. 

Table  VI  lists  the  maximum  ligand  induced  fluorescence  changes  ('^Fj^_„)  for 
the  proteins  investigated,  as  well  as  the  affinity  constants  (Ka)  for  these 
ligands .   All  whole  immunoglobulins  were  monomeric.   It  can  be  seen  that  M  384 
and  870,  as  well  as  the  Fab'  fragment  of  M  384,  can  bind  either  PC  or  me-a-Gal. 
Table  VI  also  shows  the  simultaneous  binding  of  PC  and  me-a-Gal  to  M  870  and  the 
Fab'  fragment  of  M  384.   The  binding  constants  for  the  recombinant  monomers,  on 
the  other  hand,  were  measured  only  against  PC.   This  is  because  the  heterologous 
recombinants  failed  to  show  significant  ligand-induced  changes  in  fluorescence 
with  methyl  a-D-galactopyranoside .   The  recombinant  H2^'-'3L2°^^  also  failed  to 
show  a  significant  AF  with  PC. 

Since  M  384,  M  870,  and  M  603  all  bind  PC,  the  precipitation  of  these 
immunoglobulins  with  PC  bearing  antigens  was  tested,  and  the  results  are  shown 
in  Table  VII.   It  can  be  seen  that  all  the  PC-bearing  antigens  failed  to  pre- 
cipitate with  M  384  and  M  870,  but  gave  precipitin  lines  with  M  603.   The  only 
antigens  that  precipitated  with  M  384  and  870  were  the  LPS  and  0-antigen  from 
S^.  tranaroa.   This  latter  precipitation  was  inhibitable  with  me-a-Gal,  but  not 
with  0.2  or  0.4  M  PC. 

It  can  be  seen  from  Table  VI  that  M  384  and  870  bind  PC  with  a  higher  degree 
of  affinity  than  me-a-Gal. 

Indeed,  the  presence  of  PC  enhanced  the  precipitation  of  M  384  and  870  with 
S^.  tranaroa  0-antigen  and  the  precipitin  lines  were  more  stable  than  in  the 
absence  of  PC.   This  indicates  that  a  more  stable  binding  occurs  with  0-antigen 
when  PC  binds  simultaneously  to  these  immunoglobulins. 
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TABLE  VI 


Ligand  binding  properties  of  some  homogeneous  Immunoglobulins 


Immunoglobulin 

%AF 
max 

Ligand 

Binding 
Constant 

M  384 

11.2 

PC 

2.7x10^ 

Fab'  IgA  384 

17.8 

PC 

4.75x10^ 

Fab'  IgA  384 

40 

me-a-Gal 

2.15x10^ 

Fab'  IgA  384 

13.4 

me-a-Gal  (after 
saturation  with 

PC) 

2.04x10-^ 

M  870 

7.1 

PC 

2.4x10^ 

M  870 

10.1 

me-a-Gal 

2.25x10^ 

M  870 

3.6 

PC  (after  saturation 

2.06x10^ 

with  me-a-Gal) 

M  603 

PC 

1.6x10^ 

H2603L2384 

8.1 

PC 

1.28x10^ 

H238%603 

5.1 

PC 

5 .  2x10-^ 

H287OL26O3 

5.3 

PC 

1.92x10^ 

H26O3L287O 

2 

PC 

t 


c 


TABLE  VII 

Precipitation  of  immunoglobulins  with  specific  antigens 


Antigen  Used 


Precipitin  Formation 


M  603 


M  384 


M  870 


Pneumococcal  polysaccharide  S  27 
CTA  from  pneumoccus  R  36a 
Lactobacillus  LB  4  antigen 
P-PC-tyr-gly-gly-hemocyanin  (synthetic) 
Ips  from  S^.  tranaroa 
0-antigen  from  S^.  tranaroa 


+ 
+ 
+ 
+ 


i 


+ 
+ 


+ 
+ 


0.1%  solutions  in  PBS.  Concentrations  tested  were  1.5  mg/ml  and  10.5  mg/ml. 
The  structure  of  this  antigen  is  [3-(P-phosphorylcholylphenylazo)-N-acetyl-tyro2- 
syl-glycyl-glycyl] r-hemocyanin . 
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The  affinity  constant  of  the  Fab'  fragment  of  M  384  with  me-a-Gal  in  the 
presence  of  PC  is  10-fold  higher  than  that  with  me-a-Gal  alone.   Similarly,  the 
Ka  for  M  870  with  PC  in  the  presence  of  me-a-Gal  is  10-fold  higher  than  that 
with  PC  alone,  as  shown  in  Table  VI.   These  data  and  the  failure  of  PC  to 
inhibit  the  S^.  tranaroa  LPS  and  0-antigen  precipitation  show  that  M  384  and 
M  870  can  simultaneously  bind  the  two  ligands  (LPS  or  me-oi-Gal  on  the  one  hand, 
and  PC  on  the  other  hand)  in  different  subsites.   The  fact  that  no  multiple 
PC-bearing  antigen  can  precipitate  these  immunoglobulins  indicates  that  the  PC 
site  is  deep  into  a  cavity.   Thus,  the  antigens,  such  as  used  here,  cannot 
sufficiently  reach  into  the  immunoglobulin  to  present  the  PC  to  its  appropriate 
complimentary  region. 

It  can  be  seen  from  Table  VI  that  me-a-Gal  is  a  weak  binding  ligand  and, 
as  mentioned  earlier,  it  was  not  possible  to  measure  the  affinity  of  this  ligand 
for  the  heterologous  recombinant  monomers.   The  Ka  for  PC  with  the  native  immuno- 
globulins and  three  of  the  heterologous  recombinants  are  shown  in  Table  VI,  and 
some  conclusions  can  be  drawn  regarding  the  nature  of  binding  of  this  ligand. 
The  L  chains  of  M  870  and  M  384  show  a  great  deal  of  sequence  homology  with  the 
L  chain  of  M  603.   It  can  be  learned  from  Table  VI  that  those  heterologous  recom- 
binants which  contain  L^O^  chain  show  the  higher  binding  with  PC.   It  is  known 
that,  in  M  603  itself,  the  PC  binding  is  mostly  mediated  by  the  H^^^  heavy  chain. 
Thus,  it  appears  that  the  l384  ^nd  L^^O  chains  in  the  H2^'^3l2^^'^  and  H26O3L287O 
recombinants  contribute  unfavorably  to  the  binding  of  PC  in  these  recombinant 
immunoglobulins.   This  also  indicates  that  the  sequence  in  L-^°^  and  L°'^   could 
deviate  considerably  from  that  of  L"*^-^  beyond  the  20th  residue  from  the  N- 
terminus.   Note  also  that  the  binding  of  H2^^^L2^'^^  with  PC  is  10-fold  higher 
than  the  Ka  of  the  immunoglobulin  donating  the  H  chain.   This  again  shows  the 
relatively  unfavorable  contribution  that  L^^^  makes  toward  PC  binding  in  M  870 
(A.K.  Bhattacharjee  and  C.P.J.  Glaudemans) . 

4.   Structural  Work  on  Polysaccharides. 

Cryptococcus  neoformans  is  a  yeast-like  fungus  which  is  pathogenic  for  man 
and  animals.   The  cells  of  C_.    neoformans  are  encapsulated  with  an  antigenic  poly- 
saccharide which  contains  determinants  defining  their  serotypes.   Initially, 
there  were  three  serotypes.  A,  B,  and  C.   Later,  Wilson  ejc  al  described  the 
fourth  group,  D. 

Recently,  evidence  for  more  fundamental  heterogeneity  was  found  among  the 
isolates.   Numerous  isolates  of  serotypes  A  and  D  produced  a  perfect  state  called 
Filobasidiella  neoformans  when  crossed  with  opposite  mating  types.   The  isolates 
of  serotypes  B  and  C,  on  the  other  hand,  produced  the  F^.  bacillispora  state  upon 
cross.   Intercrossing  between  A-D  and  B-C  isolates  yielded  only  nonviable  spores. 
Differences  have  also  been  discovered  in  the  geographic  distribution  of  the  four 
serotypes.   Serotypes  A  and  D  were  most  commonly  found  in  association  with  pigeon 
droppings,  while  the  ecological  niche  of  B  and  C  still  remains  unknown. 
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No  work  has  been  reported  on  the  structures  of  the  capsular  polysaccharides 
from  Cryptococcus  neoformans  type  C  and  type  D.   In  order  to  find  the  chemical 
foundation  for  the  classification  of  C^.  neoformans  in  the  system  of  Evans  it  is 
necessary  to  elucidate  the  fine  structures  of  the  antigenic  capsular  polysacch 
rides  of  these  organisms. 


I 


Shown  below  are  two  possible  octasaccharide  repeating  unit  structures  for 
the  capsular  polysaccharide  of  C^.  neoformans  serotype  C.   These  structures  are 
based  on  the  results  obtained  from  the  present  study  as  outlined  below.   The 
data  do  not  allow  us  to  distinguish  between  Figure  1  and  Figure  2  at  this  time. 
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Complete  hydrolysis  of  the  polysaccharide  gave  xylose,  mannose  and  glucur- 
onic acid  as  the  component  sugars.   Quantitative  estimation  of  the  component 
sugars  in  the  carboxyl-r educed  polysaccharide  showed  xylose,  mannose  and  glucose 
in  the  ratio  4:3:1.   Since  no  glucose  was  present  in  the  unreduced  polysaccha- 
ride, this  component  must  have  been  formed  by  reduction  of  the  glucuronic  acid 
unit.   This  was  confirmed  by  LiAlD4  reduction  of  the  methylated  polysaccharide, 
hydrolysis  and  isolation  of  deuterated  glucose  (see  below) .   Hydrolysis  of  the 
polysaccharide  followed  by  isolation  of  the  component  sugars  and  measurement  of 
their  optical  rotation  indicated  that  all  the  sugars  were  present  in  the  D- 
configuration. 


The  optical  rotation  of  the  polysaccharide  was  -12°  in  water  and  -4°  in 
DMS0:H70  (3:1).   Partially  hydrolysed  polysaccharide  (which  had  lost  30%  of  the" 
xylose~residues)  had  a  rotation  of  +18°  in  water  indicating  that  the  xylose 
residues  were  3-linked.   This  was  further  confirmed  by  chromium  trioxide  oxi- 
dation when  80%  of  the  xylose  residues  were  destroyed  in  3  hrs.   Smith-degraded 
polysaccharide,  which  contained  the  mannan  backbone  had  an  optical  rotation  of 
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+102°  showing  that  the  mannose  units  were  a-linked.   Finally,  an  aldobiouronic 
acid  was  isolated  from  the  partially  hydrolysed  polysaccharide  and  was  found  to 
be  composed  of  D-mannose  and  D-glucuronic  acid.   This  material  had  [aj^^^^  of 
-20°,  indicating  that  the  glucuronic  acid  unit  was  linked  S  to  the  mannose  unit. 

Methylation  analysis  of  the  polysaccharide  showed  the  presence  of  2,3,4- 
tri-0-methyl  xylose,  4,6-di-O-methyl  mannose,  and  6-0-methyl  mannose.   Methyl- 
ation of  the  carboxyl-reduced  polysaccharide  followed  by  hydrolysis  and  analysis 
as  alditol  acetates  showed  the  presence  of  2,3,4-tri-O-methyl  xylose,  2,3,4,6- 
tetra-O-methyl  glucose,  4,6-di-O-methyl  mannose  and  6-0-methyl  mannose  in  the 
approximate  molar  proportion  of  6:1:2:4.   This  is  close  to  the  ratio  of  these 
sugars  in  the  original  polysaccharide  and  quite  consistent  with  the  structure 
in  Figure  1.   The  ideal  ratio  of  these  sugars  consistent  with  the  structure 
would  be  8:2:2:4,  and  it  shows  that  the  proportion  of  the  first  two  components 
are  less  than  expected.   This  is  understandable,  however,  since  these  two  com- 
ponents are  more  volatile  and  therefore  subject  to  loss  during  evaporations  in 
the  work-up.   It  is  also  possible  that  a  slightly  incomplete  carboxyl-reduction 
would  result  in  a  low  value  for  the  tetra-0-methyl  glucose  obtained. 

Isolation  of  methylated  xyloses  and  glucoses  only  as  2,3,4-tri-O-methyl 
xylose  and  2,3,4,6-tetra-O-methyl  glucose  from  the  methylated  carboxyl-reduced 
polysaccharide  (II)  indicates  that  both  the  xylose  and  glucuronic  acid  residues 
are  present  as  single  end  groups  in  the  polysaccharide.   The  failure  to  obtain 
any  tri-O-methyl  mannose  from  the  methylated  polysaccharide  shows  that  all  the 
mannose  units  are  substituted.   The  presence  of  both  4,6-di-O-methyl  mannose  and 
6-O-methyl  mannose  indicates  that  some  of  the  mannose  units  are  substituted  at 
positions  2  and  4  and  a  lesser  number  are  substituted  at  position  2  only.   The 
ratio  of  mono:disubstituted  mannose  units  was  approximately  (1:2).   The  resis- 
tance of  the  mannose  backbone  of  the  polysaccharide  to  periodate  oxidation  indi- 
cated that  the  mannose  units  were  l-'3-linked.   This  was  further  confirmed  by 
methylation  of  the  Smith-degraded  polysaccharide  followed  by  analysis  of  the 
methylated  sugars  as  alditol  acetates  when  only  2,4,6-tri-O-methyl  mannose  was 
obtained.   The  latter  finding  also  shows  that  no  mannose  residues  occur  in  side 
chains . 

The  position  of  linkage  of  the  glucuronic  acid  residues  to  the  mannose  units 
was  obtained  by  methylation  of  the  isolated  aldobiouronic  acid  followed  by 
analysis  of  the  component  sugars  as  alditol  acetates.   It  is  conceivable  that  the 
doubly  substituted  mannosyl  residues  in  the  backbone  carry  a  glucuronic  acid 
residue  (at  £-2)  and  a  xylose  residue  (at  £-4) .   The  structure  of  the  capsular 
polysaccharide  at  C.    neoformans  type  C,  as  shown  in  Figure  1  or  2,  has  some 
similarity  with  the  structure  of  the  polysaccharide  from  Tremella  mesenterica 
NRRL  Y-6158  in  having  a  l->-3-a-linked  mannan  backbone  with  xylose  and  glucuronic 
acid  in  the  side  chains.   However,  there  were  two  important  differences  in  that 
the  mannan  backbone  was  more  heavily  substituted  in  type  C  polysaccharide  and 
also  all  the  side  chains  were  present  as  single  units,  as  opposed  to  multiple 
unit  side  chains  in  the  polysaccharide  of  Tremella. 
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The  structure  of  C^.  neoformans  type  C  also  differs  from  the  structure 
reported  for  an  untyped  polysaccharide  C^.  neoformans  CRD-1  (Duke)  which  con- 
tains mannose  linked  1-^2-  in  the  main  chain  and  1^4-  in  the  side  chain.   Some 
structural  work  has  been  reported  on  the  capsular  polysaccharide  from  C^.  neo- A 
formans  type  B  which  suggests  that  it  consists  of  a  mannan  backbone  with  branc^ 
of  xylose  and  glucuronic  acid,  but  the  detailed  structure  has  not  been  worked 
out  (A.K.  Bhattacharjee,  K.J.  Kwon-Chung  (NIAID)  and  C.P.J.  Glaudemans) . 

5.  Hapten-linked  Conformational  Equilibria  in  Immunoglobulins. 

The  interaction  of  oligogalactan  haptens  with  the  murine  myeloma  proteins 
XRPC-24  and  J-539  has  been  investigated  by  the  fluorescence  temperature-jump 
method.   The  relaxation  spectrum  is  composed  of  two  processes,  the  faster 
representing  hapten  association  and  the  slower  a  protein  isomerization.   In 
both  cases  the  concentration  dependence  of  relaxation  times  and  amplitudes  was 
consistent  with  the  general  mechanism  in  which  the  equilibrium  between  two  con- 
formations of  the  protein  is  shifted  by  hapten  binding.   The  intact  proteins 
and  their  Fab  fragment  had  identical  kinetic  behavior  indicating  that  the  con- 
formational changes  are  located  in  the  Fab  region.   Temperature  dependence 
analysis  for  protein  J-539  permitted  the  calculation  of  activation  parameters 
and  led  to  a  consistent  energy  profile  for  all  the  elementary  steps.   The  con- 
formational states  are  separated  by  large  activation  barriers,  but  have  similar 
free  energies.   The  results  suggest  that  hapten-induced  conformational  changes 
in  immunoglobulins  are  more  general  phenomena  than  was  previously  thought  (I.  M 
Pecht  (The  Weizmann  Institute,  Israel)  and  C.P.J.  Glaudemans).  ^ 

6.  Evaluation  of  Immunodeterminants  in  an  Antigen  Bearing  Several  Chemical 
Groupings. 

The  capsular  polysaccharide  from  pneumoniae  Type  27  has  four  sugars,  a 
pyruvic  acid  group  and  phosphorylcholine  in  its  repeating  unit.   The  repeating 
unit  has  been  isolated  by  chemical  cleavage,  as  well  as  the  repeating  unit 
minus  phosphorylcholine  and/or  pyruvate.   The  binding  of  all  these  partially 
degraded  fragments  will  be  measured  with  antibodies  to  S-27. 

Using  a  series  of  ligands  simulating  the  structure  of  phosphorylcholine 
(PC) ,  the  various  contributions  of  PC  to  the  binding  of  this  ligand  with  H-8 
are  being  measured  (L.G.  Bennett  and  C.P.J.  Glaudemans). 
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The  project  is  designed  to  obtain  theoretical  and  practical  knowledge  of 
the  relationship  between  analgesic  activity  and  physical  dependence  capacity  of 
newly  designed  molecules,  and  to  provide  objective  information  about  the  abuse 
potential  of  drugs  before  human  clinical  trials  are  undertaken. 

Approximately  127  compounds  were  examined  for  antinociceptive  activity. 
The  compounds  were  obtained  from  the  Laboratory  of  Chemistry,  various  univer- 
sities and  research  institutes,  and  national  and  international  pharmaceutical 
industries.   We  obtained  the  starting  dose  for  about  60  compounds  which  were 
sent  to  the  Departments  of  Pharmacology  of  the  University  of  Michigan  and  the 
Medical  College  of  Virginia.   These  were  examined  in  the  rhesus  monkey  in 
single-dose  suppression,  precipitated  withdrawal  and/or  primary  dependence 
assays.   Some  drugs  were  further  evaluated  in  self-administration  trials. 
Further  antinociceptive  assays,  and  receptor  binding  studies  in  vitro,  were 
carried  out  on  some  of  the  drugs,  under  the  auspices  of  the  Committee  on 
Problems  of  Drug  Dependence,  Inc. 
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The  preparation  of  d^-,  1-,    and  racemic  N-cyanoalkyl  opioids  enabled  us  to 
determine  structure-activity  relationships  with  these  compounds.   Thus  far,  the 
cyanoethyl  morphinan  has  the  greatest  antinociceptive  potency  and  highest 
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Several  nitrogenous  cannobino id-like  compounds  showed  sedation,  and  in  one 
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(+) -Colchicine  prepared  from  natural  material  has  considerable  activity  in 

the  tubulin  binding  assay.   Replacement  of  the  acetamido  side  chain  with  an  oxo 
I  group  also  affords  active  materia.   Studies  done  so  far  indicate  that  not  all  of 
i the  structural  features  present  in  colchicine  are  necessary  for  binding  to  tubulin 

Conversion  of  natural  colchicine  into  demecolcine  has  not  yet  been  accomplished. 

Isoquinolines  prepared  from  mescaline  and  containing  6  aromatic  methoxy  groups 

not  active  in  the  tubulin  binding  assay. 
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Our  studies  to  better  understand  the  antimitotic  and  antigout  activity 
of  colchicine  with  regard  to  its  structure  have  given  the  following  results: 
a.   (+) -colchicine  prepared  from  natural  material  via  trimethylcolchicinic 
acid  has  considerable  activity  in  the  tubulin  binding  assay  and  suggests  that 
(+)-colchicine  might  also  be  active.   A  sample  of  pure  (+) -colchicine  has  now 
been  prepared,   b.   7-Oxo-deacetamidocolchicine  prepared  from  colchicine  is 
probably  identical  with  a  microbial  degradation  product  of  colchicine.   It 
has  substantial  activity  in  the  tubulin  assay.   This  shows  that  the  acetamido 
group  does  not  seem  necessary.   c.   Isoquinolines  substituted  with  6  aromatic 
methoxy  groups  are  not  active.   The  crowding  of  a  heterocyclic  moiety  with 
aromatic  methyl  ether  groups  does  not  suffice  for  tubulin  binding  activity. 

N-methyldeacetylcolchicine  (demecolcine)  is  a  highly  potent  antileukemic 
agent  and  practically  not  accessible.   We  were  unable  thus  far  to  find  an 
easy  synthesis  of  demecolcine  from  trimethylcolchicinic  acid  via  its  Schiff 
bases.   Other  routes  to  replace  the  acetyl  groups  in  colchicine  with  a  methyl 
groups  are  vigorously  explored. 
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2.  lorio,  M.  ,  Silverton,  J.  V.  and  Brossi,  A.:   7-Oxo-deacetamidocolchiceine 
and  7-Benzylimino-deacetamidocolchiceine,  Helv.  6_,    1978,  in  press. 

3.  lorio,  M. ,  Chignell,  C.  F.  and  Brossi,  A.:   Is  the  N-Acetamido  Groups  in 
Colchicine  Essential  for  Antimitotic  Activity?   Abstract,  Medicinal  Chemistry 
Symposium,  Brighton,  Sept.  1978. 


201 


IS.VITHSONIAN    SCIENCE    I^FCRWATICrj    EXCHANGE 
IPRCJECT   nUMSEfi    (.Do   NOT    use    -.his    space) 


U.S.    DEPARTMEfJT   OF 
HEALTH,    EDUCATIC;;,    AND   WELFARE 
PUBLIC    HEALTri    SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH   PROJECT 


PROJECT   NUMBER 


ZOl  AM  19217-01      LC 


PERIOD   COVERED 


October    1,    1977    to    Ssptemher    -^0,    1978 


TITLE   Or    PROJECT    1,80   cnaracters    or   less) 

3-Phenoxy  substituted  Phenethylamines 


i NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
'professional  PERSONNEL  ENGAGED  ON  THE  PROJECT 


f 


PI:       A.  Brossi      Chief,  Medicinal  Chemistry 
OTHER:    H.  G.  Capraro  Research  Fellow 


NIAMDD-LC 
NIAMDD-LC 


COOPERATING  UNITS  (if  any) 

Hoechst-Roussel   Co.,    Sonimerville,    New  Jersey 


lab/branch 

Laboratory  of   Chemistry 


0 


SECTION 


Medicinal  Chemistry 


INSTITUTE  AND  LOCATION 

NIAMDD,  NIH,  Bethesda,  Maryland   20014 


TOTAL  MANYEARS: 

0^ 


PROFESSIONAL: 
0.2 


OTHER: 


0.1 


CHECK  APPROPRIATE  BOX(ES) 
G  (a)   HUMAN  SUBJECTS 

□  (al)  MINORS   []  (a2)  INTERVIEWS 


n  (b)  HUMAN  TISSUES 


[^  (c)  NEITHER 
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Three  3-Phenoxy  substituted  phenethylamines  and  two  3-phenoxysubstituted 
amphetamines  were  prepared  from  commercially  available  3-phenoxy-benzaldehydes , 
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Only  a  few  3-phenoxy  substituted  phenethylamines  have  been  investigated. 
In  order  to  familiarize  ourselves  with  this  groups  of  compounds  five  were 
made  using  classical  sequences:   Condensation  of  the  3-phenoxy  substituted 
benzaldehyde  with  either  nitromethane  or  nitroethane  and  reduction  of  the 
resulting  nitrostyrene  with  lithium  aluminumhydride.   The  bases  were  charac- 
terized as  crystalline  hydrochlorides.   None  of  the  compounds  showed  note- 
worthy activity  in  our  analgesic  screening.   They  will  be  further  explored 
for  possible  CNS-activity. 
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Pyrimethamine  is  widely  used  in  the  prophylaxis,  suppression  and  therapy 
of  malaria.   Acetylation  of  pyrimethamine  resulted  in  the  formation  of  four 
different  N-acetylated  derivatives  of  pyrimethamine.   These  compounds  are 
presently  evaluated  as  potential  slow  release  forms  of  pyrimethamine. 
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N-Acylation  has  frequently  resulted  in  the  formation  of  slow  release  drugs 
(Diacetamidodiphenylsulf one) .   Pyrimethamine  is  still  one  of  the  most  valuable 
antimalarials  and  a  slow  release  form  would  be  desirable.   For  this  reason  the 
N-acetylation  of  pyrimethamine  was  studied.   Thus  far  four  different  acetyl 
derivatives  corresponding  to  a  mono,  di,  tri  and  tetracetyl  pyrimethamine 
have  been  obtained  by  acetylation  and  careful  crystallization.   Only  the 
structure  of  the  tetraacetyl  derivative  is  secured.   Should  these  compounds 
show  interesting  properties  this  study  will  be  continued  and  extended  to 
different  N-acyl-derivatives  of  pyrimethamine. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  removal  of  the  phenolic  hydroxyl  moiety  in  the  aporphine  series  was 
extended  to  the  morphine  group  of_  alkaloids  and  its  dihydro  congeners.   The 
phenolic  group  in  morphine  has  been  considered  to  be  one  of  the  points  of 
attachment  to  the  opiate  receptor  and  necessary  to  its  biological  activity. 
However,  our  synthesized  3-deoxydihydro-morphine  and  morphinone  were  as  potent  g 
as,  or  more  potent  than,  morphine.   The  purpose  of  the  study  is  to  determine  the^ 
effect  of  the  phenolic  hydroxyl  group  in  the  rigid,  cyclic  opioids. 


i 


206 


PHS-6040 


ZOl  AM  19219-OlLC 

We  have  prepared  a  number  of  rigid,  cyclic  opioids  which  do  not  have  a 
phenolic  hydroxyl  group,   and  3,6-dideoxydihydromorphine,  in  order  to  evaluate 
the  importance  of  the  phenolic  hydroxyl  group  in  antinociceptive  activity  and 
in  binding  to  the  opiate  receptor. 

The  synthesis  of  these  compounds  has  been  completed;  their  pharmacological 
evaluation  and  receptor  binding  affinities  are  being  studied.   Thus  far,  it 
appears  as  if  a  considerable  amount  of  the  antinociceptive  activity  of  the 
parent  opioid  is  retained  with  the  3-deoxy  compounds,  but  a  much  greater  amount 
of  their  affinity  for  the  receptor  has  been  lost.   It  is  possible  that  we  are 
effecting  a  balance  between  efficient  transport  to  the  brain,  presumably 
increased  in  the  3-deoxy  series  over  morphine,  and  a  lessened  affinity  for  the 
receptor,  resulting  in  relatively  good  jjn  vivo  activity.   The  metabolic  re- 
actions of  the  deoxyopioids  are  of  great  interest,  and  these  will  be  investi- 
gated. 

Publications: 

1.   Reden,  J.,  Reich,  M.  F. ,  Rice,  K.  C. ,  Jacobson,  A.  E. ,  and  Brossi,  A.: 
3-Deoxymorphines:   An  interesting  class  of  analgesics.   J.  Med .  Chem. ,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

(-)-7-Methoxycodeine  was  synthesized  to  determine  the  effect  of  a 
vinylic  methoxy  group  in  the  C-ring  of  opioids.   This  moiety  represents  a 
new  type  of  substitution  pattern  for  opioids.   The  compound  was  found  to  be 
as  effective,  orally,  as  codeine,  but  had  less  antinociceptive  activity  on 
parenteral  introduction. 
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(-)-l-Bromosinomeninone  was  converted  to  (-)-7-methoxycodeine  in  3  steps 
in  an  overall  yield  of  29%.   The  (-)-7-methoxycodeine  was  found  to  be  unstable 
in  acidic  media,  being  converted  to  the  parenterally  more  antinociceptively 
potent,  acid-stable,  (-)-sinomeninone.   The  latter  compound,  however,  was 
orally  inactive.   Thus,  the  determined  oral  activity  of  (-)-7-methoxycodeine 
was  not  likely  to  be  due  to  its  conversion  to  (-)-sinomeninom  i^  situ.   This 
project  has  been  completed. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  two  1,1 '-dimers  from  natural  (-)-sinomenine  and  their  optical 
isomers  prepared  from  synthetic  (+)-sinomenine  were  prepared.   The  dimers 
of  each  pair  are  interconvertible  by  heating.   The  dimers  from  sinomenines 
did  not  show  antitumor  activity  whereas  pseudomorphine,  the  dimer  from 
morphine  does . 
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Oxidation  of  natural  (-)-sinomenine  affords,  depending  on  the  reaction 
conditions,  a  mixture  of  two  dimers  named  (+)-disinomenine  and  (+)-pseudi- 
sinomenine.   It  has  now  been  found  that  both  can  be  converted  into  a  1:1 
mixture  by  heating,  showing  that  both  are  isomers  with  hindered  rotation 
around  the  biphenyl  axis.   The  optical  isomers  prepared  from  synthetic  (+)- 
sinomenine  are  identical  with  those  prepared  from  natural  material,  except 
that  they  have  opposite  rotations.   None  of  these  dimers  showed  any  signifi- 
cant activity  in  the  antitumor  screening.   In  contrast,  pseudomorphine,  the 
easily  available  dimer  of  natural  morphine,  showed  significant  activity  in 
the  antitumor  screening. 

Publications:   None 
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All-trans-retinal  was  condensed  with  5,6  and  7-membered  ring,  1,3- 
diketones,  dimedone,  and  open-chain  1,3-diketones.   Condensation  products  of 
13-cis-retinal  were  also  prepared.   In  in  vitro  assays,  the  1,3-cyclopentane- 
dione  adduct  was  inactive,  and  the  related  6-membered  ring  diketones  were 
nearly  as  active  as  retinoic  acid,  but  had  considerably  less  toxicity.   The 
lessened  toxicity  of  these  diketone  adducts  was  reflected  by  the  tissue  distri- 
bution of  these  drugs.   Major  increases  in  metabolic  products  were  found  in 
mammary  tissue,  after  oral  administration,  rather  than  in  the  liver. 

Preparation  of  other  adducts  with  increased  lipophilicity  and  greater 
stability,  their  biological  examination  and  the  metabolic  reactions  which  they 
undergo,  will  be  the  subjects  for  future  work  in  this  area. 
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(+)-THP  is  a  potent  inhibitor  of  binding  of  various  ligands  to  catechol 
amine  receptors  in  the  CNS  and  may  be  involved  in  alcoholism.   This  important 
substance  has  now  been  synthesized  in  high  yield  and  purity  by  o-demethylation 
of  (+)-norreticuline  which  in  turn  can  now  be  readily  prepared  in  any  desired 
quantity  using  methods  developed  in  project  No.  ZOl  AM  19210-OlLC.   Further- 
more, (+)-6'-bromonorreticuline  and  a  number  of  other  1-benzyltetrahydro- 
isoquinolines  having  oxygenation  patterns  isomeric  with  that  of  (+)-norreticu- 
line  have  been  prepared  by  these  methods.   These  compounds  are  regarded  as 
immediate  precursors  of  (+)-6' -bromo-THP  and  a  variety  of  THP-like  compounds. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Further  pharmacologically  active  alkaloids  have  been  isolated  from  skin  extracts 
of  dendrobatid  frogs.   The  structures  and  pharmacology  of  these  compounds  continues 
under  investigation.   The  pumiliotoxin  A  class  represents  a  series  of  potent  myoto- 
ni£  and  cardiotonic  agents,  for  which  tentative  structures  have  been  derived. 


analgesic  agent  of  as  yet  unknown  structure  appears  to  belong  to  this  class  of 
dendrobatid  alkaloids.   The  compound  inhibits  binding  of  dihydromorphine  to  the 
opiate  receptor  in  brain  membranes.   Histrionicotoxins  bind  to  a  macromolecule 


% 


which  appears  to  be  associated  in  membrane  but  not  in  soluble  preparations  with 
the  nicotinic  acetylcholine  receptor.   It  would  appear  that  this  macromolecule 
represents  the  ionic  channel  controlled  by  the  acetylcholine  receptor.   An  analog 
of  batrachotoxin  binds  with  high  affinity  to  a  regulatory  site  associated  with  tYA 
sodium  channel  in  brain  membranes.   Compounds  which  inhibit  the  binding  of  ouaba! 


to  Na ' -K  -ATPase  in  erythrocytes  have  been  detected  in  skin  extracts  from  not  only 
bufonid  toads  but  a  number  of  other  species  of  amphibians. 
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versitaet,  Werzburg,  W.  Germany. 

Project  Description: 

Objectives:    To  elucidate  the  molecular  basis  for  the  pharmacological 
activity  of  batrachotoxin,  tetrodotoxin,  histrionicotoxin,  pumiliotoxin,  and 
related  substances.   To  isolate  and  elucidate  the  structures  of  other  pharmaco- 
dynamically  active  substances  found  in  skin  extracts  of  frogs  and  other  natural 
sources.   To  explore  biosynthetic  pathways  involved  in  the  formation  of  these 
unique  substances. 

Methods  Employed:    Sensitive  bioassay  methods,  thin  layer,  high  pressure 
liquid,  column,  and  gas  chromatography  have  been  used  in  the  purification  of 
the  active  principles,  while  NMR,  mass  spectroscopy,  X-ray  crystallography, 
microchemical  techniques  and  radiochemical  labeling  are  being  utilized  for 
structure  elucidation.   Isotopic  tracer  techniques  have  been  used  to  study  bio- 
synthetic pathways.   Biological  activity  has  been  investigated  with  both  iso- 
lated enzyme  systems,  in  intact  cells  and  muscle  preparations  and  in  vivo. 

Major  Findings:     A  structure  for  the  basic  ring  system  of  the  pumilio- 
toxin-A  class  of  alkaloids  has  been  derived  from  extensive  nuclear  magnetic 
resonance  and  mass  spectra.   Crystals  of  one  of  the  alkaloids  from  this  class 
will  be  analyzed  by  X-ray  diffraction  in  order  to  confirm  the  structure.   This 
represents  the  sixth  class  of  alkaloids  to  be  discovered  in  frogs  of  the  neo- 
tropical family  Dendrobatidae.   The  total  number  of  alkaloids  characterized 
from  these  frogs  now  exceeds  one  hundred.   Thirty-six  species  representing 
eighty  percent  of  the  known  species  of  poison  frogs  in  this  family  have  now 
been  examined  for  alkaloids.   Dendrobatid  alkaloids  have  not  been  detected  in 
over  thirty  species  of  frogs  from  other  amphibian  families.   The  alkaloids 
provide  a  unique  character  with  respect  to  definition  of  evolutionary  and  eco- 
logical relationships  in  this  family  of  frogs.   Alkaloid  and  morphological  pro- 
files are  being  studied  in  hybrids  derived  from  two  species  of  frogs,  one  of 
which  contains  alkaloids  and  one  of  which  does  not.   Both  species  contain  gran- 
ular secretory  cells  presumed  to  comprise  the  so-called  epidermal  poison  glands. 

Batrachotoxin  causes  a  rapid  depolarization  of  microsac  and  synaptosome 
preparations  from  guinea  pig  cerebral  cortex.   Membrane  potential  was  assessed 
by  measuring  the  rate  of  uptake  of  radioactive  triphenylmethylphosphonium  ions. 
A  prior  treatment  of  frog  muscles  with  batrachotoxin  markedly  reduces  the 
magnitude  of  the  end  plate  depolarization  subsequently  elicited  by  carbamyl- 
choiine.   Similar  reductions  in  carbamylcholine-elicited  depolarizations  were 
found  m  Electrophorus  electroplax  preparations  previously  treated  with  batra- 
chotoxin.  It  would  appear  that  in  such  treated  preparations,  the  voltage-sensi- 
tive sodium  action-potential  channels  can  no  longer  be  activated  in  response  to 
carbamylcholine-elicited  depolarizations  at  synapses.   Radioactive  batrachotoxin 
A  benzoate  binds  with  high  affinity  to  a  limited  number  of  sites  in  mouse  cere- 
bral cortical  membrane  preparations.   The  specific  binding  is  antagonized  by 
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batrachotoxin  but  not  by  an  inactive  analog  batrachotoxin  A,   "Dimers"  of  A 
batrachotoxin  isolated  from  certain  extracts  of  poison-dart  frogs  have  been^ 
shown  to  have  been  formed  by  reaction  of  trace  amounts  of  acetone  with^ 
batrachotoxins  during  isolation  procedures  and  do  not  occur  naturally  in 
dendrobatid  frogs. 

Histrionicotoxin,  a  selective  antagonist  at  the  chemo-sensitive  sodium^  ^ 
potassium  channel  controlled  by  the  nicotinic  acetylcholine-receptor  appear* 
to  act  by  shifting  the  equilibrium  towards  a  desensitized  acetylcholine-reclf--or 
channel  complex.   Histrionicotoxin  is  much  more  potent  in  antagonizing  responses 
to  exogenous  acetylcholine  than  in  antagonizing  responses  to  acetylcholine  re- 
leased by  nerve  stimulation  in  neuromuscular  preparations,  suggesting  the  de- 
sensitized state  is  relatively  less  significant  in  normal  neurotransmitter  func- 
tion.  Histrionicotoxin  blocks  carbamylcholine-elicited  efflux  of  radioactive- 
sodium  ions  in  microsac  preparations  from  Torpedo  electroplax.   Radioactive 
perhydrohistrionicotoxin  does  not  bind  to  highly  purified  acetylcholine  receptor 
isolated  from  Torpedo  electroplax  but  does  appear  to  bind  to  a  readily  dissoci- 
able macroraolecule  which  may  represent  either  the  channel  or  a  regulatory  en- 
tity associated  with  the  channel.   The  macromolecule  which  binds  perhydrohistri- 
onicotoxin appeared  based  on  enzymatic  and  chemical  reagents  to  be  a  protein. 

Pumiliotoxin  C  and  various  synthetic  analogs  have  little  effect  on  con- 
tractures elicited  in  neuromuscular  preparations  by  stimulation  of  nerve  and 
muscle.   The  effects  on  end  plate  currents  are  under  investigation.   In  con- 
trast, pumiliotoxin  B  markedly  potentiates  muscle  contractures  in  neuromuscu3  ='^ 
and  cardiac  preparations  with  little  effect  on  endplate  currents  or  resting ■ 
membrane  potentials.   An  analgesic  alkaloid  present  as.  a  trace  constituent  ^W 
extracts  from  the  Ecuadorean  frog,  Phyllobates  tricolor  has  not  yet  been  iso- 
lated in  pure  form.   Data  indicate  that  it  is  a  member  of  the  pumiliotoxin-A 
class  of  dendrobatid  alkaloids  and  that  it  contains  a  chloro-substituent.   The 
compound  antagonizes  the  binding  of  radioactive  dihydromorphine  to  cerebral 
membrane  preparations.   However,  its  potency  as  a  binding  antagonist  appears 
far  less  than  its  potency  as  an  analgesic. 

Binding  of  radioactive  ouabain  to  Na  -K  -ATPase  of  erythrocytes  was  blocked 
by  extracts  from  the  skins  of  following  amphibians:   Bufo  regularis,  Bufo  gran- 
ulosa, Bufo  marinus,  bufonid  tadpoles,  Atelopus  ignescens  and  Dendrophryniscus 
minutus.   Extracts  from  six  other  species  of  amphibians  representing  four  dif- 
ferent families  had  low  levels  of  compounds  which  antagonized  ouabain-binding. 
On|  o|^  these,  Phyllobates  bicolor,  produces  batrachotoxin,  a  known  inhibitor  of 
Na  -K  -ATPase.   Batrachotoxin,  however,  at  very  high  concentrations  did  not  af- 
fect binding  of  ouabain.   Extracts  from  another  thirteen  species  of  amphibians 
representing  five  different  families  did  not  antagonize  ouabain  binding.   The^  , 
compounds  in  extracts  of  Atelopus  which  inhibit  ouabain-binding  were  similar^ 
chromatographic  properties  to  the  bufodienolides  known  to  be  present  in  skin^ 
bufonid  toads.   The  compound (s)  in  the  extracts  from  Dendrophryniscus  which  in- 
hibit ouabain-binding  were  much  more  polar  than  known  buf odienolids.   Extracts 
°f  Dendrophryniscus  also  contained  a  neutral,  relatively  non-polar  compound  with 
marked  sedative  activity  in  mice. 
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A  water  soluble  toxin  has  been  isolated  from  liver  of  a  fish  (Lagocephalus 
sceleratus)  from  the  Red  Sea.   The  chemical  and  chromatographic  properties  of 
this  toxin  are  similar  to  tetrodotoxin,  but  its  neuropharmacological  properties 
differ  in  being  slower  both  in  onset  and  reversal. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  exceptionally  high  toxicity  of  batrachotoxin,  its  selective  action  on  nerve 
preparations,  and  its  cardiotoxin  properties  gave  the  elucidation  of  its  struc- 
ture and  correlations  of  structures  with  activity  a  high  priority  in  biomedical 
research.   Because  of  their  remarkable  effects  on  ion  conductances,  histrionico- 
toxin  and  various  analogs  provide  unique  tools  for  the  study  of  the  acetylcho- 
line-modulated  ion  channels  in  electrogenic  membrane.   Gephryotoxin  provides  a 
new  class  of  muscarinic  antagonists.   Other  compounds  from  frog,  fish,  insect, 
and  plant  extracts  also  have  physiological  activities  which  warrant  their  struc- 
tural and  pharmacological  investigation.   Examples  of  such  compounds  occurring 
in  frogs  and  toads  include  the  pumiliotoxins,  samandarine,  the  bufogenins,  the 
catecholamines,  indolealkylamines  and  histamines,  and  hypotensive  polypeptides, 
such  as  bradykinin  and  physalaemin.   The  potent  analgesic  and  cardiotonic  ef- 
fects of  certain  of  the  alkaloids  are  of  particular  relevance  to  the  design  of 
new  drugs. 

Proposed  Course  of  Project:   The  structures  of  further  alkaloids  from 
frogs  of  the  general  Dendrobates,  Colosthetus,  and  Phyllobates  will  be  elucida- 
ted.  The  pharamcological  activity  of  batrachotoxin,  pumiliotoxin,  and  histri- 
onicotoxin  analogs  will  be  studied  in  further  detail.   Radioactive  batrachotox- 
in, tetrodotoxin,  and  histrionicotoxin  will  be  used  to  study  their  ultra- 
structural  site  of  action.   Further  isolations  of  batrachotoxins,  histrioni- 
cotoxins,  pumiliotoxins,  and  related  alkaloids  will  be  carried  out  to  provide 
material  for  chemical  and  pharmacological  study.   Pharmacologically  active  sub- 
stances will  be  investigated  in  extracts  from  other  families  of  tropical  frogs, 
from  fish,  insects,  and  plants.   Further  synthetic  analogs  of  dendrobatid  alka- 
loids will  be  prepared. 
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veratridine.   Mol.  Pharmacol.  14:  111-121,  1978. 

Burgermeister,  W. ,  Catterall,  W.  A.,  and  Witkop,  B. :   Histrionicotoxin  enhances 
agonist-induced  desensitization  of  acetylcholine  receptor.   Proc.  Natl  Acad 
Sci.  USA.  74:  5754-5758.  ' 

Burgermeister,  W. ,  Klein,  W.  L.,  Nirenberg,  M. ,  and  Witkop,  B.:   Comparative 
binding  studies  with  cholinergic  ligands  and  histrionicotoxin  at  muscarinic  re- 
ceptors of  neural  cell  lines.   Mol.  Pharmacol.,  in  press. 
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Contracts 


Contract  No.  NOl-AM-4-2203 :   Isolation  of  Frog  Toxins:   $8,000;  1  man  year. 

Extracts  of  dendrobatid  frogs  provided  by  NIH  have  been  fractionated  1^ 
yield  further  quantities  of  batrachotoxins,  histrionicotoxins,  pumiliotoxi™ 
and  gephyrotoxins  for  pharmacological  evaluation  by  NIH  researchers.   Struck  - 
tures  of  fruther  congeneric  alkaloids  were  determined  by  spectroscopic  analysis. 
Derivatives  of  other  more  unique  alkaloids  have  been  prepared  and  attempts  to 
crystallize  these  derivatives  for  X-ray  analysis  have  been  made. 

Contract  No.  NOl-AM-7-2212:   Synthesis  of  Membrane-active  Tropane  and  Grana- 
tane  Derivatives:   $9,992;  1  man  year. 

Synthesis  of  tropane  and  pseudopettetierine  with  side  chains  at  the  1,2, 
and  3  position  has  to  be  initiated. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  synthesis  of  novel  heterocycles  of  metabolic  significance  and  with  potentiail 
for  antiviral  and  CNS  activity  has  been  accomplished  by  photocyclizations  and 
dimerizations. 
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Project  Description:  ^ 

Objectives ;  Reactions  for  the  selective  modification  of  simple  amino 
acids  in  proteins  and  of  purines  and  pyrimidines  in  nucleic  acids  are  needed 
for  the  study  of  the  composition  and  function  of  their  active  sites.  Although 
extensive  interest  to  develop  such  reactions  has  been  shown  by  many  investi-j^ 
gators,  photochemical  methods  have  been  elaborated  with  a  number  of  homo-  M 
and  heterocyclic  models  which  make  it  possible  to  deliver  selectively  a 
distinct  amount  of  energy  to  a  system.  The  photochemical  behavior  of 
free  and  bound  aromatic  amino  acids  and  the  corresponding  pharmacodynamic 
amines  have  been  investigated.   Studies  continue  with  new  heterocyclic  systems. 

Methods  Employed;  Ultraviolet  irradiation,  flash  photolysis  thin-layer 
chromatography,  silica  gel  and  ion  exchange  column  chromatography,  paper 
chromatography  and  electrophoresis,  UV,  IR,  NMR  and  mass  spectroscopy. 

Major  Findings;  The  dye-sensitized  photooxygenation  of  DL-tryptophan 
in  aqueous  solution  leads  to  the  tricyclic  compound  2-carboxy-3a-hydroperoxy- 
l,2,3,3a,8,8a-hexahydropyrrolo[2,3-b]indole  which,  on  reduction  with  dimethyl 
sulfide,  furnishes  two  diastereoisomeric  alcohols  separable  by  fractional 
crystallization  into  a  higher  melting  (mp  25A°-256°)  and  a  lower  melting 
(mp  228")  diastereoisomer .   Each  of  these  alcohols  was  correlated  with  one 
of  the  analogous  pair  of  isomeric  1,2-dicarbomethoxy  analogs  by  alkaline 
hydrolysis  and  by  x-ray  analysis.   In  this  way,  the  3a-hydroxy- 1,2 -dime thox^^^, 
carbonyl-l,2,3,3a,8  ,8a-hexahydropyrrolo[2,3-b]indole,  mp  163°-164'',  was    ^K 
shown  to  have  the  trans  configuration  with  regard  to  the  relative  positions  ^' 
of  the  hydroxyl  and  carbomethoxy  groups  and  that,  on  alkaline  hydrolysis,  it 
produced  the  isomer  with  mp  228°,  which  therefore  also  has  the  trans  con- 
figuration.  The  mechanism  of  the  smooth  thermal  rearrangement  of  the 
(presumably  ring-chain  tautomeric)  tryptophan  hydroperoxy  intermediates  to 
formylkynurenine  is  discussed  with  its  implications  for  the  biological 
oxidation  by  tryptophan  2,3-dioxygenase.   In  collaboration  with  Osamu  Hayaishi 
some  of  these  intermediates  are  tested  as  transition  state  analogs  and 
inhibitors  of  the  ternary  complex  involving,  oxygen,  substrate  and  indoleamine 
2,3-oxygenase,  an  enzyme  concentrated  in  the  lungs  possessing  great  clinical 
interest . 

Another  study  witn  Professor  Yuichi  Kanaoka,  Hokkaido  University,  Japan, 
led  to  a  novel  chiral  microenvironmental  probe  at  the  active  site:   extrinsic 
cotton  effects  of  acyl-trypsins  possessing  an  enantiomeric  pair  of  chromo- 
phores  are  being  studied  and  extended  to  fluorescent  groups.   In  particular, 
£;-amidinophenyl  esters  of  both  enantiomeric  N- (2, 4-dinitrophenyl) -alanines  ^ 
(DNP-Ala)  were  efficiently  hydrolyzed  by  trypsin.  The  acylation  and  deacylBj, 
rate  constants  for  the  D-isomer  are  1/2.5  of  the  respective  rate  constants  ^ 
for  the  L-isomer.  The  slow  rate  of  deacylation  made  it  possible  to  prepare 
the  pair  of  enantiomeric  acyl-trypsins.   CD  spectra  of  the  purified  acyl- 
trypsins  revealed  that  the  two  extrinsic  chromophores  are  oriented  differently 
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in  the  chiral  environments  of  the  active  site,  although  both  extrinsic 
chromophores  couple  intramolecular ly  with  similar  active  site  chromophores . 
The  deacylation  rate  of  DNP-D-Ala-trypsin  was  increased  noticeably  in  compari- 
son with  that  of  the  ^-derivative  when  £_-amidinophenol  was  added,  indicative 
of  the  fact  that  the  two  enantiomeric  acyl  groups  at  the  active  site  are 
situated  in  different  microenvironments .   A  comparative  study  of  extrinsic 
Cotton  effects  by  a  set  of  D-  and  L-enantiomers  thus  afforded  detailed  struc- 
tural information  about  enzyme-substrate  interactions.   The  introduction 
of  dansyl  groups  and  other  fluorescent  reporter  groups  open  the  way  for  energy- 
transfer  kinetics  and  spectroscopy. 

With  Ken-ichi  Hirao,  Mikio  Taniguchi,  and  Osamu  Yonemitsu  of  the  Faculty 
of  Pharmaceutical  Sciences,  Hokkaido  University,  Sapporo  060,  Japan,  the 
stereospecific  acid  catalyzed  rearrangements  of  5 ,12-dimethylpentacyclo[6 .4  .- 
0.0.0.0]dodecane-6,ll-diones  to  bisnordiamantane  and  diprotoadamantane  ring 
system  with  strain  release  was  studied. 

In  particular,  treatment  of  5, 7,7,10,10,12-hexamethylpentacyclo[6.4.0.0 
.0.0]dodecane-6,ll-dione  with  trif luoroacetic  or  £_-tolunensulfonic  acid  gave 
a  bisnordiamantane  through  two  sets  of  stereospecific  twofold  Wagner-Meerwein 
rearrangements,  with  release  of  strain,  in  almost  quantitative  yield.   When 
the  same  type  of  cage  compound,  with  hydroxy  groups  instead  of  methyl  groups 
in  positions  7  and  10,  was  treated  under  similar  conditions,  its  strain  energy 
was  released  in  a  different  way  to  give  10-acetyl-9-hydroxy-3, 7, 9-trimethyltri- 
cyclo[5  .  ]  .  ]  .0]undec-10-ene-4  ,8-dione  in  70%  yield  through  a  series  of  reactions 
involving  stereospecific  Wagner-Meerwein  rearrangement,  Grob  fragmentation, 
and  retro-Michael  cleavage.   In  the  case  of  the  third  cage  compound,  in 
which  two  methyl  groups  at  C-7  and  C-10  were  replaced  by  chloromethyl  groups , 
half  of  this  molecule  isomerized  to  a  protoadamantane  in  97%  yield,  because 
the  electron-withdrawing  chlorine  changed  the  final  step  in  the  above  series 
of  reactions  from  retro-Michael  cleavage  to  an  aldol  condensation.  Further 
treatment  with  £_-toluene  solfonic  acid  quantitatively  gave  a  diprotoadamantane. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
New  approaches  to  novel  heterocyclic  systems  of  potential  CNS  activity. 

Proposed  Course:   Extension  into  homo-  and  heterocyclic  systems  relating 
to  pharmacodynamic  amines  and  to  potential  antiviral  cage  compounds . 

Publications: 

Nakagawa,  M.,  Watanabe,  H.,  Kodato,  S.,  Okajima,  H.,  Hino,  T.,  Flippen,  J.L., 
and  Witkop,  B.  A  Valid  Model  for  the  Mechanism  of  Oxidation  of  Tryptophan 
to  Formylkynurenine — 25  Years  Later  (dye-sensitized  photooxygenation/labile 
hydroperoxy  tryptophan  metabolites/x-ray  analysis) .   Proc .  Natl.  Acad.  Sci. 
USA  74,  4730-4733  (1977). 
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Witkop,  B.  Heinrich  Wieland  Centennial:  His  Lifework  and  His  Legacy 
Today,  Angew.  Chem.  Int.  Ed.  Engl.  16,  559-572  (1977). 

Witkop,  B.   Heinrich  Wieland  100  Jahre:   Sein  Werk  und  vermachtnis  heute, 
Angew.  Chem.  89,  575-589  (1977).  ^" 

Witkop,  B.   Tradition  and  Substance  in  Art  and  Science,  Munio  Kotake       ^^ 
Memorial  Lecture,  April  7,  1978,  Kagaku,  in  press  (Japanese). 

Witkop,  B.  The  Organic  Chemist  in  a  Biomedical  Environment — Reflections 
on  30  years  of  Research  at  NIH,  Okayama,  April  5,  1978,  Kagaku,  in  press 
(Japanese) . 

Honors  and  Awards ; 

Gold  Medal  and  Honorary  Membership,  Pharmaceutical  Society  of  Japan,  April, 
1978. 

Silver  Medal  and  Honor  Scroll,  University  of  Okayama,  April  1978. 

Award  of  US  Senior  Scientist  Humboldt  Award,  April  1978. 


Elected  to  Membership  in  the  American  Academy  of  Arts  and  Sciences, 
May  3,  1978. 

Percy  Julian  Memorial  Lecturer  and  recipient  of  Percy  Julian  Prize, 
De  Pauw  University,  Greencastle,  Indiana,  May  4,  1978. 

One  of  300  most  cited  authors,  1961-1976,  Current  Contents,  July  10,  1978, 
P.  5-17. 
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SUMMARY  OF  WORK  (200  ^ords  or  less  -  underline  keywords) 

The  structural,  conformational  and  biochemical  basis  that  accounts 
for  the  observed  stringent  requirements  for  nucleic  acid  interferon  induction 
is  sought.   Particular  emphasis  is  currently  placed  on  understanding  the 
phenomenon  if  the  dsRNA-mediated  inhibition  of  protein  synthesis  in  interferon- 
treated  cells  . 

The  antiviral  and  antimetabolic  properties  of  newly  synthesized  nucleoside 
analogs  is  also  under  investigation. 
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Project  Description: 

Objectives ;  To  synthesize  modified  nucleosides,  nucleotides  and  poly- 
nucleotides.  To  characterize  such  materials  by  physicochemical  means  and 
then  investigate  the  relationship  of  molecular  structure  and  conformation  to 
certain  biochemical  and  biological  activities  of  nucleic  acids .   The  chief  ^ 
goal  of  this  project  is  to  provide  (1)  nucleic  acid  analogs  which  may  be  us^ 
ful  in  understanding  the  biochemistry  of  cytolytic  and  oncogenic  viruses  and/ 
or  (2)  the  prophylaxis  or  therapy  of  viral  diseases. 

Methods  Employed;  Thin-layer,  paper,  ion-exchange,  gel  and  other  types 
of  column  chromatography,  liquid  scintillation  counting,  ultracentrifugation, 
ultraviolet,  visible,  infrared  and  nuclear  magentic  resonance,  spectroscopy, 
mass  spectroscopy,  electron  spin  resonance,  circular  dichroism,  tissue  culture. 

Major  Findings: 

Are  Double-Stranded  RNA-Directed  Inhibition  of  Protein  Synthesis  in 
Protein  Synthesis  in  Interferon-Treated  Cells  and  Interferon-Induction 
Related  Phenomena? 

A  structure-activity  approach  was  used  to  address  the  question:  is  inter- 
feron induction  by  double-stranded  RNA's  linked  to  the  dsRNA-mediated  inhibition! 
of  protein  synthesis  in  extracts  of  interferon-treated  mouse  L  cells?  Cell-J|| 
free  extracts  from  interferon-treated  cells  were  at  least  10,000  times  more^ 
sensitive  to  encephalomyocarditis  virus  RNA-directed  protein  synthesis 
inhibition  by  (I)  .(C)   than  were  extracts  of  untreated  cells.  However, 
both  interferon-treated  and  control  cell  extracts  were  sensitive  to  "natural" 
dsRNA's  such  as  Penicillium  chrysogenum  dsRNA  which  blocked  protein  synthesis 
at  the  same  concentration  as  did  (I)  .(C)  .  The  complex  (I)  .(C)   could 
overcome  the  inhibition  effected  by  P_.  chrysogenum  dsRNA  in  control  cell  ex- 
tracts, but  only  when  (I)  (C)   was  added  at  a  1000-fold  molar  excess  over  the 
concentration  of  the  inhibiting  dsRNA.  Of  the  46  different  nucleic  acids 

evaluated,  only  ^T-)^- (^\' (^\- ^^K'    ^^^u'^'^^^n'  ^^^u' ^^^n' ^^^n'  ^-^^n'^^^n* 
(U)   and  (A)  .2(U)   could  induce  inhibitxon  of  protexn  synthesis  in  extracts 

of  interferon-treated,  but  not  control  cells.  The  differential  behavior  of 
nucleic  acids  in  these  systems  culd  not  be  accounted  for  by  premature  nucleo- 
lytic  degradation  in  the  extracts  of  interferon-treated  or  control  cells. 
The  differential  behavior  of  nucleic  acids  in  these  systems  could  not  be 
accounted  for  by  premature  nucleolytic  degradation  in  the  extracts  of  interferoni 
treated  or  control  cells.  In  some  respects,  there  are  definite  similarities 
between  the  structural  requirements  for  interferon  induction  and  those  for  ^^ 
protein  synthesis  inhibition:  both  systems  are  sensitive  to  nucleic  acid  ^K 
strandedness,  the  nature  of  the  ribose  C2 '  substituent,  and  the  molecular 
size  of  the  individual  homopolymer  components  of  the  double-helix.  Nonethe- 
less, there  are  dramatic  exceptions  to  the  correlation  between  the  two 
phenomena,  since  inhibition  of  protein  synthesis  is  much  more  sensitive  to 
the  nature  of  its  heterocyclic  base  and  to  the  type  of  pyrimidine  ring  sub- 
stituent introduced  to  the  RNA  double-helix.  For  instance,  (I)  .(br  C)  ,  a^ 
potent  inducer  of  interferon,  is  completely  inactive  as  an  inhibitor  of'^prot^'  : 
synthesis.   On  the  other  hand,  three  triple-helical  nucleic  acids,  (A)  .2(U) 
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(A)  . (U)  .(I)   and  (A)  .(X)  . (U)  ,  were  potent  inhibitors  of  protein  synthesis 
in  the  cell-free  system,  but  were  inactive  as  inducers  of  interferon  in 
L  cells. 


5-Nitro-2 '-Deoxyuridine  5 '-Monophosphate  as  an  Inhibitor  of  Thymidylate 
Synthetase  of  Lactobacillus  caesi 

5-Nitro-2 '-deoxyuridine  (N0„  dU)  was  first  prepared  by  an  enzymatic 
synthesis  and  more  recently  by  a  chemical  synthesis  developed  in  the  Laboratory. 
N0_  dU  is  a  potent  antiviral  agent,  inhibiting  the  replication  of  both  vaccinia 
virus  and  herpes  simplex  virus,  but  not  RNA  virus  such  as  vesicular  stomatitis 
virus.   The  nitro  nucleoside,  NO^  dU,  retains  its  potent  antiviral  activity 
against  only  those  strains  of  herpes  virus  which  induce  thymidine  kinase  in 
the  host  cell.   The  incorporation  of  [   C] -deoxyuridine  into  DNA  of  uninfected 
cells  is  blocked  by  N0„  dU  at  a  much  lower  concentration  than  is  the  incorp 
poration  of  [  H]-thymidine;  furthermore,  the  anti-vaccinia  activity  of  N0„  dU 
is  reversed  by  extremely  low  concentrations  of  thymidine.   These  latter 
observations  suggested  that  NO-  dU  may  owe  its  antiviral  activity  to  a  blockade 
of  thymidylate  synthetase  by  5'^-monophosphate  of  NO  dU  (N0„  dLT-IP)  .   We 
have  now  found  that  N0„  dUMP  is  an  active  site-directed  irreversible  inhibitor 
of  thjnnidylate  synthetase  from  Lactobacillus  caesi .  According  to  a  comparison 
of  K  's  for  NO-   dUMP  and  the  5 '-monophosphates  of  5-trifluoromethyl-  and 
5-fluoro-2 '-deoxyuridine,  NO-   dUMP  is  a  somewhat  more  effective  inhibitor. 
We  have  suggested^ the  following  intermediate  for  the  inactivation  of  thymidylate 
synthetase  by  NO-   dUMP . 


0-POH-C 
I   2 


Synthesis  and  Antiviral  Activity  of  5-Nitro-2 '-Deoxycytidine 

Recent  evidence  suggests  that  the  activity  to  toxicity  ratio  of  certain 
thymidine  analogs  can  be  significantly  improved  upon  conversion  to  the 
corresponding  2 '-deoxycytidine  derivatives.   For  instance,  both  5-bromo- 
and  5-iodo-2 '-deoxycytidines  are  as  active  anti-herpes  virus  agents  as  their 
deaminated  analogs,  but  both  are  considerably  less  toxic  to  the  uninfected 
host  cell.   It  is  likely  that  this  selectivity  may  be  due  to  the  fact  that 
herpes  virus  inducers,  upon  infection,  two  virus-coded  enzymes,  deoxycytidine 
kinase  and  deoxycytidine  deaminase  which  have  a  broadened  substrate  specificity 
compared  to  the  enzymes  of  normal  uninfected  cells  and  which  may  be  present  in 
greater  quantities  in  the  virus  infected  cell.   Thus,  the  virus  infected  cell 
undertakes  a  lethal  synthesis  of  the  5 '-monophosphate  of  the  deoxyuridine 
analog  which  proceeds  to  exert  its  inhibitory  effect  on  viral  DNA  synthesis. 
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We  have  now  prepared,  via  nitronium  tetrafluoroborate/sulfolane 
nitration,  the  new  analog  5-nitro-2 '-deoxycytidine  (NO.  dC) . 


^2 


HOH2C 


A 


5  5    °^ 

N0„  dC  is  just  as  active  as  NO^  dU  against  herpes  virus  but  is  significantly 
less  toxic  to  the  uninfected  host  cell. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Studies  described  herein  and  those  in  progress  are  of  interest  for  the 
following  reasons . 

(1)  Modified  nucleosides  can  aid  in  understanding  the  biochemistry  of 
viruses;  in  addition,  they  are  of  immediate  interest  as  agents  active 
against  viral,  and  neoplastic  disease  and,  in  some  instances,  as  local 
agents  in  rheumatoid  a-thritis . 

(2)  Modified  polynucleotides  aid  in  the  understanding  of  protein-nucleic 
acid  interactions  and  nucleic  acid-nucleic  acid  interactions .  These 
considerations  are  fundamental  for  a  complete  knowledge  of  cellular 
biochemistry  including  on  the  one  hand  the  regulation  of  expression 
of  genetic  information  in  eukaryotic  cells  and,  at  the  more  practical 
level,  the  induction  of  interferon  and  the  design  of  a  clinically  useful 
interferon  inducer. 

Publications: 

De  Clercq,  E.,  Krajewska,  E.,  Descamp,  J.  and  Torrence,  P.  F.,  "Anti- 
Herpes  Activity  of  Deoxythymidine  Analogs:   Specific  Dependence  on  Virus- 
Induced  Deoxythymidine  Kinase",  Mol.  Pharmacol.  13,  980-984  (1977). 

Torrence,  P.  F.  and  De  Clercq,  E.,  "Inducers  and  Induction  of  Interferons", 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Nonquaternary  carbon-4  piperidinol  esters  and  ethers  and  arylpiperidines 
have  been  synthesized  for  study  of  their  action  on  the  central  nervous  system. 
Nine  compounds  displayed  analgesic  activity  in  the  codeine-morphine  range  in 
the  mouse  hot-plate  assay.  The  antinociceptive  activity  of  l-methyl-4- 
piperidinol,  2 ,4 ,5-trimethylpyrrole-3-carboxylate  trif luoroacetic  acid  salt  ^ 
was  not  antagonized  by  naloxone  in  the  mouse  tail-flick  test.  In  general,  ^ 
the  more  active  piperindinol  esters  showed  no  morphine-like  physical  dependence 
capacity  in  monkeys,  acting  neither  as  typical  narcotic  agonists  nor 
antagonists.  In  rat  brain  homogenates  in  vitro,  they  displayed  marginal 
to  no  binding  to  the  opiate  receptor.  In  qualitative  Hansch-type  structure- 
activity  correlation,  aromatic  esters  exhibited  +  E  -  it  substituent  effects. 
In  conjunction  with  these  studies,  pyrrole  carboxylic  and  pyrrole  acetic  ^k 
acids  are  being  evaluated  as  potential  antiinflammatory  analgesics  by  ^B 
prostaglandin  synthetase  inhibition  and  by  other  standard  assay  systems. 
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Project  Description: 

Objectives ;   To  design  and  synthesize  compounds  from  the  non-quanternary 
carbon-A  piperidinol  ring  system  and  to  assay  them  for  central  nervous  system 
activity,  including  analgesia,  physical  dependence  liability  and  receptor 
binding.   Pyrrole  carboxylic  and  pyrroleacetic  acids  will  be  evaluated  as 
potential  antiinflammatory  analgesics. 

Methods  Employed;   Numerous  synthetic  procedures  have  been  used  in  the 
preparation  of  piperidinol  esters,  ethers,  arylpiperidines  and  pyrrole 
carboxylic  acids.  Modification  of  the  electronic  steric  and  lipophilic 
character  of  these  structures  is  useful  in  the  study  of  their  transport, 
metabolism  and  receptor  interactions.   Pharmacological  and  biochemical  assays 
were  carried  out  using  established  procedures. 

Major  Findings;   Several  compounds  have  exhibited  potency  in  the  codeine- 
morphine  range  in  the  mouse  hot-plate  assay.  Activity  has  also  been  shown  in 
the  Hilsen,  2_-phenylquinone  abdominal  stretch  and  tail-flick  assays.   1-Methyl- 
4-piperidinol,  2,4,5-trimethyl-pyrrole-3-carboxylate  was  not  antagonized  by 
naloxane  in  the  mouse  tail-flick  analgesia  assay,  whereas  l-methyl-4-piperidinol 
3,4-dimethoxybenzoate  was  partially  antagonist.   In  general,  these  esters  showed 
no  morphine-like  physical  dependence  capacity  in  single  dose  suppression 
experiments  in  monkeys.   Typical  narcotic  agonist  or  antagonist  activities 
were  absent.   Binding  to  the  opiate  receptor  in  vitro  was  marginal  or  absent. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute; 
Analgesics,  which  lack  the  numerous  side-effects  of  morphine,  especially 
physical  dependence  and  abuse  liablilities,  and  narcotic  antagonists  are 
needed  for  clinical  use  in  relief  of  pain  and  in  coping  with  the  drug 
addiction  problem.   Antiinflammatory  analgesics  of  the  non-steroidal  type 
have  been  useful  in  treating  inflammation  and  pain  associated  with  certain 
types  of  arthritis. 

Proposed  Course:   Radioactive  substrates  will  be  prepared  for  the  study 
of  potential  non-opiate  type  receptor  interactions,  quantitative  structure- 
activity  relationships  will  be  determined  on  aromatic  non-quaternary  carbon- 
4  piperidinol  esters  and  rat  infusion,  prostaglandin  synthetase  inhibition 
and  other  assays  will  be  conducted  on  selected  compounds. 

Publications: 

J.  A.  Waters,  "Pyrrole  Esters  of  Tropanols  and  Related  Structures  as 
Analgesics",  J.  Med.  Chem.  20,  1094  (1977). 

J.  A.  Waters,  "Heterocyclic  and  Piperonylic  Acid  Esters  of  l-Methyl-5- 
piperidinol  as  Analgesics",  J.  Med.  Chem.  20,  1496  (1977). 

J.  A.  Waters,  "Aromatic  Esters  of  Non-quaternary  carbon-4  piperidinols  as 
Analgesics",  J.  Med.  Chem.  21,  628  (1978). 
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SUMMARY    OF    iJORK    (200    words    or    less    -    underline    keywords) 

A  seven-step   synthesis  of   the   alanosine-derived  nucleoside   3_  has  been 
completed. 
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Project  Description: 

Objectives:   The  synthesis  of  3_  and  its  5 '-monophosphate  is  derived  to 
test  the  antiviral  mechanism  of  action  proposed  (Gale  et  al)  for  alanosine. 

Methods  Employed:   IR  and  PMR  spectroscopy,  mass  spectrometry,  thin-  ^J" 
layer  and  column  chromatography.  ^^ 

Major  Findings:  Deblocking  of  intermediate  1_  (available  in  25%  overall 
yield  in  a  5-step  reaction  sequence)  was  accomplished  using  1:9  tBuOH: 
CF^CO^H  at  room  temperature  for  6  hr.  The  tertiary  butanol  may  participate  in 
trapping  the  released  dihydropyran  preventing  its  reaction  with  the  ribose 
hydroxyls.   In  its  absence  a  complex  mixture  results. 

The  nitrosation  of  2_  was  effected  with  amyl  nitrite  in  ammonia- 
saturated  methanol  and  provided  the  bis-ammonium  salt  3_.   This  gave  a  negative 
test  for  the  hydroxylamine  grouping  (tetrazolium  salt  test)  and  a  positive 
reaction  (a-napthylamine-sulfanilic  acid)  for  the  N-nitrosohydroxylamine 
grouping  as  well  as  the  expected  UV-  and  NMR-spectra. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
(1)  There  should  be  much  interest  in  having  available  sizeable  quantities  of 
_1  for  testing  as  an  antiviral  and  antitumor  agent.   (2)  Gales'  hypothesis  on 
the  mode  of  action  of  alanosine  could  be  confirmed  if  synthetic  material  wei^' 
available  for  study.   (3)  The  action  of  alanosine  could  be  made  more  specif !• 
(alanosine  affects  mainly  adenosine  monophosphate  biosynthesis  but  also  uridine 
monophosphate  biosynthesis  to  a  lesser  extent  by  inhibition  of  aspartate  trans- 
carbamylase) . 

Proposed  Course:  To  provide  material  for  biological  testing,  a  scaled 
up  synthesis  of  3_  is  planned.  A  synthesis  of  the  5 '-monophosphate  will  also 
be  attempted. 

Publications 

Spande,  T.  F.,  The  Indoles,  Vol.  3,  Chapter  8,  "Hydroxyindole,  Indole  Alcohols 
and  Indolethiols",  Ed  W.  Houlihan,  Wiley-Interscience,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Ring-fluorinated  imidazoles  show  widespread  and  significant  activity  as 
enzyme  substrates.   2-Fluorohistidine.  but  not  the  4-fluoro  isomer,  is    _ 
rapidly  incorporated  into  newly  synthesized  animal  or  bacterial  protein,  m 
place  of  histidine.   The  resulting  enzymes  may  be  structurally  xntact,  but 
some  cannot  function  catalytically  because  the  pK  of  the  imidazole  ring  has  ^ 
been  greatly  depressed.   2-Fluorohistidine  also  serves  to  pruduce  leucopenia, ■ 
temporary  regression  of  the  mouse  spleen,  thymus,  lymph  nodes,  and  hypo- 
cellularity  of  the  bone  marrow.   In  mice  infected  with  leukemia  virus  P-388, 
this  analog  prevents  the  normally  massive  increase  in  leukocyte  levels  and 
increases  survival  'time  up  to  50%.   Ultimate  death  may  be  due  to  causes  other 
than  leukemia.   This  anti- leukemic  action  may  be  unrelated  to  production  of  ^ 
false  protein,  and  may  result  from  a  block  in  the  utilization  of  histidme  ^ 
as  a  one-carbon  donor  m  purine  biosynthesis.   The  block  would  ^^^^1^^^°^   A 
the  powerful  inhibition  of  urocanase  by  2^11uorourocanic_acid,  a  metabolite 

2-fluorohistidine.                 ^^^ 
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The  enzyme,  histidine  ammonia-lyase,  is  mildly  inhibited  by  a  variety  of 
4-substituted  histidines,  these  analogs  also  serving  as  weak  substrates.   Ex- 
cept for  2-fluorohistidine,  however,  none  of  the  2-X-analogs  tested  show 
either  inhibitory  or  substrate  capabilities.   Hopefully,  the  complete  study 
will  provide  a  clear  picture  of  the  importance  of  steric  and/or  electronic 
factors  in  the  substrate. 

A  cell  system  has  been  developedgfor  the  biosynthesis  of  f luorohistidine- 
containing  hemoglobin.  Preliminary  F  NMR  studies  show  this  material  to  have 
unusual  properties,  including  particularly  labile  fluorine  atoms. 

Significance  to  Bio  medical  Research  and  the  Program  of  the  Institute: 
Studies  to  date  indicate  f luoroimidazoles  to  have  a  variety  of  properties  in 
biological  systems:   enz3rme  inhibitors,  histamine  agonists,  analogs  of  histi- 
dine, antibacterial,  antiviral,  and  antileukemic  agents.   These  compounds  have 
already  proved  their  usefulness  in  studies  of  enzyme  structure  and  function, 
as  inhibitors  of  purine  biosynthesis,  involvement  in  cell  division,  etc.   The 
possibility  of  therapeutic  use  for  one  or  more  of  these  compounds  should  also 
be  considered. 

Proposed  Course:   Additional  fluoro  analogs  are  being  synthesized  for 
biological  evaluation.   More  detailed  studies  with  enzymes  are  in  progress,  as 
well  as  efforts  to  isolate  fluorine-containing  proteins.   The  mechanism  of  the 
antileukemic  effect  is  being  investigated  in  detail. 

Publications : 

De  Clercq,  E.,  Billiau,  A..,  Edy,  V.  G.  ,  Kirk,  K.  L.,  and  Cohen,  L.  A.: 
Antimetabolic  Activities  of  2-Fluoro-L-histidine.   Biochem.  Biophys .  Res. 
Commun. ,  82,  840-846  (1978). 

Klein,  D.  C,  Weller,  J.  L.,  Kirk,  K.  L.  ,  and  Hartley,  R.  W.  :   Incorporation 
of  2-Fluoro-L-histidine  into  Cellular  Protein.   Mol.  Pharm. ,  13,  1105-1110 
(1977). 
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f 


Investigation  of  the  biochemical  and  pharmacological  properties  of  ring- 
fluorinated  imidazoles,  as  tools  for  the  study  of  enzyme  structure  and  function,, 
and  as  potential  therapeutic  agents. 

Objectives:   Fluoro  analogs  of  steroids,  purines,  pyrimidines  and  amin^F' 
acids  have  been  synthesized  and  tested,  several  having  been  found  valuable  W. 
arthritis  and  cancer  chemotherapy.   A  larger  number  have  not  been  prepared  be- 
cause of  the  limited  routes  available  for  the  introduction  of  fluorine.   De- 
spite the  ubiquitous  role  of  imidazoles  in  biological  systems  (RNA,  DNA,  histi- 
dine,  histamine,  etc.),  no  fluorinated  imidazole  had  yet  been  prepared.   The 
initial  purpose  of  this  work  was  to  develop  a  general  method  suitable  for 
the  preparation  of  f luoroimidazoles,  to  prepare  a  series  of  such  compounds, 
and  to  test  their  abilities  to  serve  as  enzyme  substrates  or  inhibitors  and  as 
replacement  for  histidine  in  proteins  or  for  purines  in  DNA  and  RNA.   To 
evaluate  the  f luoroimidazoles  as  antileukemic,  antiviral,  and  immunosuppresive 
agents. 

Methods  Employed:   Various  enzyme  assays,  enzyme  fractionation  and  puri- 
fication methods  are  employed.   Automatic  cell  counters  to  determine  leukocyte 
levels.   Standard  techniques  for  manipulation  of  laboratory  mice.   Culture  of 
yeasts  and  E.  Coli. 

Major  Findings:   Growth  of  E.  coli  in  the  presence  of  2-f luorohistidin^tf' 
is  terminated  after  1-2  generations.   At  this  point,  the  total  protein  frac-^ 
tion  shows  incorporation  of  a  small  amount  of  the  analog  in  peptide  linkage. 
In  the  presence  of  equimolar  histidine  and  f luorohistidine,  the  analog  is  not 
toxic  and  normal  growth  is  observed;  yet,  the  analog  is  incorporated  into 
protein  to  ca.  the  same  extent  as  in  the  absence  of  histidine.   These  results 
show  that  the  antibiotic  activity  of  f luorohistidine  is  not  due  to  the  bio- 
synthesis of  false  enzymes.   Since  histidine  is  known  to  inhibit  the  conversion 
of  PRPP  to  N'-5'-phosphoribosyl-ATP  (the  first  step  in  the  biosynthesis  of  the 
amino  acid),  we  speculated  that  f luorohistidine  may  have  a  similar  action. 
Indeed,  studies  with  the  isolated  enzyme  show  2-dif luorohistidine  to  be  ten- 
fold as  effective  an  inhibitor  as  histidine  itself.   Thus,  one  mechanism  for 
the  antibiotic  action  of  the  analog  has  been  elucidated.   Interestingly,  the 
other  2-halohistidines  show  no  significant  inhibition  in  the  growth  of  E. 
coli.   This  difference  may  be  entirely  steric  in  origin,  although  electronic 
factors  have  not  yet  been  excluded. 

The  leucopenic  action  of  2-fluorohistidine  in  mice  must  have  a  radically 
different  mechanism,  since  the  inhibition  of  leukocyte  production  is  not  ^ 
overcome  by  addition  of  histidine.  We  believe  that  histidine  plays  a  hithe^ 
unsuspected  role  in  one-carbon  transfer  and  purine  biosynthesis,  and  that  such 
transfer  is  effectively  blocked  by  2-f luorourocanic  acid,  the  first  metabolite 
of  2-fluorohistidine.  A  direct  test  of  our  hypothesis  has  proved  difficult 
since  urocanic  acids  do  not  penetrate  the  cell  membrane.  Current  efforts  in- 
volve the  search  for  derivatives  of  2-fluorourocanic  acid  which  wxll  penetrate 
the  cell  membrane. 


240 


SMITHSONIAN    SCIENCE    INFORMATION    EXCHANGE 
PROJECT   NUMBER    (,Do   NOT    use    this    space) 


U.S.    DEPARTMENT   OF 
HEALTH,    EDUCATION,    AND    WELFARE 
PUBLIC    HEALTH    SERVICE 
NOTICE  Of 
INTRAMURAL   RESEARCH   PROJECT 


PROJECT   NUMBER 
ZOl  AM   19604-08   LC 


PERIOD    COVERED 

October  1,  1977,  through  September  30,  1978 

TITLE  OF  PROJECT  (30  characters  or  less) 

General  Principles  of  Enzyme  Catalysis  and  Simulation 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 

PI-     Louis  A.  Cohen   Chief,  Section  on  Biochemical  Mechanisms    LC  NIAMDD 
OTHER:   Max  Blum        Visiting  Fellow  rL^^^^^ 

Michael  King     Guest  Worker  GWU 


COOPERATING  UNITS  (if  anj 

None 


lab/branch 

Laboratory   of   Chemistry 


SECTION 

Section  on  Biochemical  Mechanisms 


INSTITUTE  AND  LOCATION 


NIAMDD.  NTH,  Bpthesda.  Maryland 20014 


IN  i.iii:uju  . — 

TOTAL   MANYEAftS: 


1.3 


PROFESSIONAL: 

1.0 


OTHER: 


CHECK  APPROPRIATE  B0X{ES) 

C  (a)   HUMAN  SUBJECTS  □  (b)  HUMAN  TISSUES  3  (c)  NEITHER 

D  (al)  MINORS   □  (a2)  INTERVIEWS 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  have  advanced  the  theory  that  a  major  portion  of  enzymatic  catalysis 
is  achieved  by  activation  of  the  substrate  during  binding.   To  support  the 
theory,  we  have  synthesized  a  large  variety  of  test-tube  models  which  simulate 
the  bound  substrate  by  being  frozen  in  a  single,  favorable  conformation  and  by 
having  the  interacting  functions  brought  into  the  closest  possible  juxtaposition 
(stereopopulation  control) .   These  compounds  undergo  intramolecular  reactions  at 
rates  comparable  to  those  catalyzed  by  enzymes,  sometimes  even  too  fast  to 
measure.   It  has  been  possible  to  generate  high  energy  bonds  within  these  models 
without  energy  input,  simply  using  the  free  energy  of  formation  of  water  and 
conformational  restriction  as  the  driving  forces.   In  current  work,  models  for 
sulfhydryl  enzymes ,  oxidative  phosphorylation  and  ion  pumps  are  being  developed. 
Techniques  are  being  developed  to  elucidate  molecular  conformation  in  solution, 
based  on   C  and   E  nmr  spectroscopy,  as  well  as  computer  calculation  of  con- 
formational energies  (CAMSEQ) . 
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m 

A  study  of  the  principles  used  by  enzymes  to  accelerate  chemical  reactious. 
Model  compounds  are  designed  and  synthesized  which  are  capable  of  undergoing 
various  reactions  at  rates  comparable  to  those  of  enzymes,  and  under  the  same 
reaction  conditions.   Recognition  of  the  principal  devices  used  by  enzymes  will 
permit  the  design  of  more  effective  drugs  and  enzyme  inhibitors  or  substrates. 

Objectives:   The  rates  of  enzyme-jatalyzed  reactions  exceed  those  of  si|p 
pie  test-tube  analogs  by  factors  of  10  -10   .   In  order  to  account  for  such "a 
phenomenal  effect,  model  compounds  which  duplicate  one  or  more  of  an  enzyme's 
special  powers  are  studied  to  learn  more  about  the  vastly  complex  protein  cata- 
lyst.  In  the  belief  that  the  principal  enzymatic  device  is  stereopopulation 
control  (near  perfect  orientation  of  functional  groups),  model  compounds  have 
been  designed  and  synthesized  in  which  rotation  of  covalent  bonds  has  been 
severely  restricted.   By  bringing  two  functional  groups  into  very  close  prox- 
imity and  orientation,  rates  of  reaction  comparable  to  those  of  enzymes  can 
be  achieved  in  the  test  tube. 

Methods  Employed:  Spectroscopic  methods  are  used  to  elucidate  the  struc- 
tures of  synthetic  products  and  to  follow  rates  of  reaction.  Various ^chromato- 
graphic procedures  are  employed  for  analysis  and  purification.    a,        C,  and 

F  NMR  spectra  are  recorded  over  the  temperature  range  -100  to  +180°C,  to  de- 
tect conformational  changes  in  solution.   X-ray  crystallography  is  used  to  de- 
termine conformation  in  the  solid  state.   Free  energies  of  the  various  conformers 
are  calculated  by  use  of  computer  programs  (CAMSEQ).  ^^ 

w 
Major  Findings:   Further  studies  on  the  synthesis  of  6-membered  benzothi^ 

lactones  have  shown  that  the  unusual  rearrangements  previously  observed  are  due, 
not  to  migration  of  carbon  but  to  that  of  sulfur.   This  phenomenon  has  no  prece- 
dent in  organic  chemistry,  is  not  shown  by  completely  analogous  oxygen  compounds, 
and  is  being  explored  further.   The  pH  dependence  and  mechanisms  for  thiolactone 
formation  also  differ  significantly  from  those  for  lactone  formation.   Further- 
more, thiolactone  formation  proceeds  many  orders  of  magnitide  slower  than  lactone 
formation.   Thus,  the  vast  difference  in  reactivity  known  to  exist  between 
chymotrypsin  and  thiochymo trypsin  are  duplicated  in  simple  test-tube  models. 

The  puzzling  kinetic  data  for  the  formation  of  homophthalic  anhydrides 
has  been  resolved  by  the  demonstration  of  two  distinct  and  concurrent  mechanisms, ^ 
one  involving  acylium  ion  intermediates  (moderate  acid  catalysis)  and  another 
involving  tetrahedral  intermediates  (weak  acid  catalysis) .   This  work  demon- 
strates the  facility  with  which  enzymatic  reactions  might  change  mechanism  over 
a  modest  pH  range  or  with  modest  change  in  local  polarity. 

The  rates  of  lactone  formation  are  dependent  on  the  size  of  a  restrictak   I 
operator,  varying  linearly  with  the  effective  van  der  Waals  size  of  the  sub-     • 
stituent.   Although  a  qualitative  relationship  was  anticipated,  the  observation 
of  a  strict  quantitative  relationship  proved  very  gratifying  and  offers  hope 
that  the  binding  abilities  of  substrate  analogs  may  yet  be  related  quantita- 
tively to  their  steric  parameters. 
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Publications : 

Hillery,  P.  S.,  and  Cohen,  L.  A.:   Stereopopulation  Control.  7.   Rate  and 
Equilibrium  Enhancement  in  the  Lactonization  of  £-Hydroxyphenylacetic  Acids, 
J^.  Org.  Chem.  ,  in  press. 

Hillery,  P.  S.,  and  Cohen,  L.  A.:   Stereopopulation  Control.  8.   Rate  and 
Equilibrium  Enhancement  in  the  Formation  of  Phthalides.   J^.  Org.  Chem.,  in 
press. 

Hillery,  P,  S. ,  and  Cohen,  L.  A.:   Stereopopulation  Control.  9.   Rate  and 
Equilibrium  Enhancement  in  the  Formation  of  Homophthalic  Anhydrides.   J^. 
Org.  Chem. ,  in  press. 


243 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl  AM  19605-02  LC 


PERIOD  COVERED 

October  1, 


1977,  through  September  30,  1978 


TITLE  OF  PROJECT  (80  characters  or  less) 

Chemistry  of  Substituted  Imidazoles 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


i 


PI:   Louis  A.  Cohen 
OTHER:   Kenneth  L.  Kirk 
Hiroshi  Kimoto 
Robert  Jerussi 
Dwight  Davis 


Chief,  Sec.  on  Biochemical  Mechanisms  LC  NIAMDD 

Research  Chemist  LC  NIAMDD 

Visiting  Fellow  LC  NIAMDD 

Guest  Worker  LC  NIAMDD 

Staff  Fellow  LC  NIAMDD 


lab/branch 

Laboratory  of  Chemistry 


Tt 


SECTION 

Section  on  Biochemical  Mechanisms 


INSTITUTE  AND  LOCATION 

NIAMDD,  NIH,  Bethesda,  Maryland 


20014 


TOTAL  MANYEARS: 

2.7 


PROFESSIONAL: 

2.3 


OTHER: 


CHECK  APPROPRIATE  BOX(ES) 
D  (a)   HUMAN  SUBJECTS 

n  (al)  MINORS   n  (a2)  INTERVIEWS 


n  (b)  HUMAN  TISSUES 


g  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Discovery  of  the  widespread  and  impressive  properties  of  f luoroimidazoles 
as  biological  substrates  and  analogs  has  provided  the  impetus  for  the  synthe- 
sis of  other  substituted  imidazoles.   Novel  methods  have  been  developed  for 
the  synthesis  of  previously  unknown  or  difficultly  accessible  2-substituted 
imidazoles .   Thus ,  all  2-halohistamines  and  2-halohistidines  are  now  availably 
as  well  as  analogues  containing  the  amino,  formyl,  cyano,  and  nitro  groups.  |^ 
Discovery  of  a  method  for  the  direct  introduction  of  the  2-amino  group  (via  " 
addition  of  the  imidazole  carbanion  to  phenyl  azide)  provides  a  basis  for  the 
synthesis  of  the  long  sought  after  2 , 4-dif luoroimidazoles .   2-Trif luoromethyl- 
imidazoles,  obtained  by  another  novel  route,  are  readily  converted  to  2-car- 
boxy,  2-carbethoxy,  and  2-cyanoimidazoles .   The  decarboxylation  of  l-methyl-4,: 
5-dicarboxyimidazole  occurs  exclusively  at  C-4,  showing  the  mechanism  to  in 
volve  an  ylid  rather  than  carbanion.   pH  dependence  studies  show  that  the  de  ^ 
carboxylation  of  nitroimidazolecarboxylic  acids  also  involves  an  imidazolium  ~ 
ion,  despite  the  extremely  low  basicity  of  the  ring. 
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Development  of  new  methods  for  the  synthesis  of  fluoro  and  other 
analogs  of  biochemically  significant  compounds  and  examination  of  their 
properties  as  enzyme  inhibitors  and  as  potential  drugs. 

Objectives:   Fluoro  analogs  of  steroids,  purines,  pyrimidines  and  amino 
acids  have  been  synthesized  and  tested,  several  having  been  found  valuable  in 
arthritis  and  cancer  chemotherapy.   A  larger  number  have  not  been  prepared 
because  of  the  limited  routes  available  for  the  introduction  of  fluorine. 
Despite  the  ubiquitous  role  of  imidazoles  in  biological  systems  (RNA,  DNA, 
histidine,  histamine,  etc.),  no  fluorinated  imidazole  had  yet  been  prepared. 
The  initial  purpose  of  this  work  was  to  develop  a  general  method  suitable 
for  the  preparation  of  f luoroimidazoles,  to  prepare  a  series  of  such  com- 
pounds, and  to  test  their  abilities  to  serve  as  enzyme  substrates  or  inhibi- 
tors and  as  replacement  for  histidine  in  proteins  or  for  purines  in  DNA  and 
RNA.   Discovery  of  the  widespread  and  significant  biological  properties  of 
fluoroimidazoles  provided  the  impetus  for  the  synthesis  of  other  substituted 
imidazoles • 

Methods  Employed:   Ultraviolet  irradiation  is  used  as  the  key  step  in  the 
introduction  of  fluorine.   Infrared,  ultraviolet,  mass,  and  nmr  spectroscopy 
are  used  to  follow  the  course  of  reactions  and  to  elucidate  product  structure. 
Various  chromatographic  procedures  are  used  for  analysis  and  purification  of 
materials . 

Major  Findings:   N-Tritylimidazoles  react  with  n-butyllithium  to  form  a 
resonance-stabilized  carbanion  at  C-2;  this  carbanion  reacts  readily  with 
most  electrophilic  reagents  and,  following  removal  of  the  trityl  blocking 
group  with  dilute  acetic  acid,  a  series  of  hitherto  unknown  2-substituted 
imidazoles  are  obtained.   Groups  introduced  include  chloro,  bromo,  iodo, 
alkyl,  amino,  formyl,  carbethoxy,  and  nitro.   The  method  is  applicable  to 
complex  molecules,  direct  substitution  having  been  achieved  with  urocanic 
acid,  histamine,  and  histidine.   2-Aminoimidazoles  are  obtained  by  another 
novel  reaction — addition  of  the  imidazole  carbanion  to  phenyl  azide  and 
hydrolytic  cleavage  of  the  intermediate  phenyltriazene  system.   In  the 
case  of  N-trityl-4-imidazoles,  n-butyllithium  reacts  preferentially  at  the 
carbon-iodine  bond  at  low  temperature,  permitting  generation  of  the  isomeric 
imidazole-4-carbanion  and  providing  a  parallel  route  to  4-substituted  imida- 
zoles . 

2-Trifluoromethylimidazoles  lose  fluoride  ion  in  mildly  basic  media, 
and  the  resulting  dif luorodiazafulvene  is  rapidly  converted  into  the  2- 
carboxylic  acid  (in  water) ,  into  the  carboxylic  ester  (in  alcohol) ,  and  into 
the  cyano  group  (in  aqueous  ammonia) .   This  method  has  provided  the  first 
syntheses  of  2-cyanohistamine  and  2-cyanohistidine.   The  remarkable  reactiv- 
ity of  2-trifluoromethylimidazoles  at  physiological  pH  suggests  that  2-tri- 
fluoromethylhistamine  and  2-trif luoromethylhistidine  may  function  as  affinity 
labels  at  histamine  and  histidine  recognition  sites,  respectively. 
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Trimerization  of  2-fluorohistidine  produces  a  mixture  of  position-   jtf^ 
isomeric  cyclic  trimers  (tristidines) .   Structures  have  been  assigned  on  th^ 
basis  of  differential  rates  of  exchange  of  the  residual  ring  hydrogens,  based 
on  our  novel  concept  of  the  ALP  effect.   NMR  and  UV  spectra  of  the  cyclic 
trimers  show  clearly  the  presence  of  an  18  pi-electron  ring  current;  these 
macrocyclic  aromatics  are  the  first  systems  known  in  which  the  nitrogen  lone 
pair  is  compelled  to  participate  in  aromaticity  (in  contrast  to  the  porphyria i 
ring  system) .  ^m 

Imidazolecarboxylic  acids  are  subject  to  facile  decarboxylation,  a  prob- 
lem which  has  limited  the  use  of  certain  synthetic  approaches.   Our  studies  of 
the  mechanisms  of  decarboxylation  have  revealed,  to  our  surprise,  that  the 
acids  are  least  stable  in  neutral  or  mildly  acidic  media,  the  greatest  stabil- 
ity being  seen  in  very  strong  acid  or  base.   These  findings  have  already  been 
applied  to  the  synthesis  of  2-carboxyhistidine,  the  side  chain  protecting 
groups  being  removed  in  concentrated  hydrochloric  acid  without  any  decarboxy- 
lation being  observed. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute; 
Fluoroimidazoles  have  already  been  found  to  be  powerful  tools  for  the  investi- 
gation of  enzyme  structure  and  function,  as  Inhibitors  of  metabolic  pathways 
and  as  potential  therapeutic  agents.   We  believe  that  parallel  properties 
will  be  observed  with  other  analogs  of  natural  imidazoles,  possibly  with  even 
greater  potency.   These  analogs  are  designed  to  answer  specific  questions  re- 
garding the  steric  and  geometric  limitations  of  natural  substrates,  the  impqr- 
tance  of  pK..  and  pK  of  imidazoles  to  their  biological  behavior,  and  the  Jflf 
role  of  ring  current  effects.  ^^ 

Proposed  Course:   Continued  efforts  will  be  made  to  develop  synthetic 
routes  to  difficultly  accessible  imidazoles.   Studies  will  be  continued  in 
an  effort  to  rationalize  the  anomalous  physical  and  chemical  properties  of 
the  imidazole  series.   Many  of  the  compounds  will  be  evaluated  for  their  bio- 
logical properties . 

Publications: 

Takeuchi,  Y.,  Yeh,  H.  J.  C,  Kirk,  K.  L.,  and  Cohen,  L.  A.:  Adjacent  Lone 
Pair  (ALP)  Effects  in  Heteroaromatic  Systems.  1.  Isotope  Exchange  of  Ring 
Hydrogens  in  Alkylimidazoles .   J.  Org.  Chem. ,  in  press. 

Takeuchi,  Y.,  Kirk,  K.  L.,  and  Cohen,  L.  A.:   Adjacent  Lone  Pair  (ALP) 
Effects  in  Heteroaromatic  Systems.  2.   Isotope  Exchange  of  Ring  Hydrogens 
in  Nitro-  and  Fluoroimidazoles.   J.  Org.  Chem.  ,  in  press. 

Kimoto,  H.,  Kirk,  K.  L.,  and  Cohen,  L.  A.:   A  facile  Synthesis  of 
2-Trifluoromethylhistamine  and  2-Trif luoromethyl-L-histidine.   J.  Org. 
Chem.   in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Fluorinated  analogs  of  norepinephrin  have  been  synthesized  using  the 
photochemical  procedure  developed  earlier.   Studies  with  these  analogs,  and 
fluorinated  analogs  of  tyramine,  dopamine,  melatonin,  and  serotonin 
previously  prepared,  have  revealed  important  information  concerning  the  ^g 
mobility  of  serotonin  stored  in  human  platelet  vesicles  and  the  use  of  F 
NMR  spectroscopy  as  a  probe  for  molecular  motion,  the  conformational  require- 
ments for  norepinephrin  in  interaction  with  a-  and  6-adrenergic  receptor _  _ 
systems,  and  the  role  of  phenol  pK  and  lipophilicity  in  determining  activity 
of  biogenic  amines. 
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Project  Description:  git- 

Development  of  new  methods  for  the  synthesis  of  halogenated  analogs  of 
biogenic  amines,  study  of  their  physical  properties,  and  evaluation  of  their 
behavior  in  biological  systems  as  antagonists  or  agonists. 

Objectives;   Halogenated  analogs  have  proved  to  be  powerful  tools  for 
the  study  of  transport,  storage,  release,  and  action  of  biogenic  amines,  slffjt' 
they  stimulate  the  geometry  of  the  natural  compounds  so  well.   Continued   ™. 
studies  should  provide  significant  information  about  the  roles  of  these  es- 
sential metabolic  species  and  possibly  lead  to  therapeutic  use. 

Methods  Employed;   Ultraviolet  irridation  and  various  chemical  methods 
are  used  for  the  introduction  of  halogen  into  biogenic  amines.   Infrared, 
ultraviolet,  mass,  and  nmr  spectroscopy  are  used  to  follow  the  course  of 
reactions  and  to  elucidate  product  structure  and  purity.   Various  chromato- 
graphic procedures  are  used  for  purification  and  analysis  of  materials. 
Electron  energy-loss  spectroscopy  is  used  to  detect  and  localize  fluorine- 
containing  materials  in  tissues. 

Major  Findings:   Studies  on  the  biochemistry  and  pharmacology  of  ring- 
fluorinated  dopamine  continue  to  show  only  small  differences  in  behavior 
between  these  analogs  and  dopamine  itself.   Thus,  the  inhibition  of  H- 
dopamine  specific  binding  to  calf  caudate  homogenate  is  virtually  identical 
for  2-fluoro  and  6-f luorodopamine  while  5-fluorodopamine  is  about  50%  as  ac- 
tive.  This  is  comparable  to  results  found  with  using  a  dopamine-sensitive  ^t 
adenylate  cyclase  assay  system,  and  in  in  vivo  (dvg)  studies.   In  contrast, ^| 
striking  biochemical  behavior  is  observed  with  ring-f luorinated  norepinephrins. 
Testing  of  these  analogs  with  respect  to  both  a-   and  B-adrenergic  receptors 
has  been  initiated.   Preliminary  data  suggest  that  D,L-5-FNE  is  more  potent 
than  D,L-NE  with  respect  to  both  receptors.   6-FNE  is  a  potent  a-agonist  but 
has  greatly  diminished  activity  in  the  6-system,  while  2-FNE  demonstrates 
potent  3-activity  but  only  low  a-activity.   This  represents  a  dramatic  change 
in  specificity  resulting  from  the  shift  of  the  fluorine  substituent  from  the 
6-  to  the  2-position.   This  behavior  may  result  from  hydrogen  bonding  between 
the  side-chain  hydroxyl  group  and  the  fluorine  substituent,  with  the  resul- 
tant restricted  rotation  favoring  different  side  chain  conformations  in  each 
case.   In  general,  it  appears  that  increased  lipophilicity  and  hydrogen  bond- 
ing properties  may  be  more  important  than  phenol  acidities  in  determining  the 
activities  of  the  ring-f luorinated  biogenic  amines. 

The  human  platelet  contains  two  well-defined  regions,  the  cytoplasm 
and  the  membrane-enclosed  vesicles,  each  of  which  contains  relatively  high 
concentrations  of  small  molecules.   The  F   NMR  line  widths  of  4,6-difluorO|^ 
serotonin  (in  vesicles)  and  2-fluoro-ATP  (in  the  cytoplasm) ,  biosynthesizedfP 
by  the  platelet  from  2-f luoroadenosine,  have  been  examined.   These  experi- 
ments revealed  a  field  dependent  line  broadening  of  the  fluorine  signal  in 
the  cytoplasm,  while  the  signal  became  vanishingly  broad  in  J^e  vesicles. 
Comparison  of  P   line  widths  in  the  smae  system  show  that  F   is  extremely 


i 


248 


Project  No.  ZOl  AM  19606-02  LC 

sensitive  to  chemical  shift  anisotropic  line  broadening  brought  about  by  re- 
striction of  molecular  motion.   These  studies  are  being  expanded  to  include 
other  cells  using  fluorinated  molecules  contained  in  specific  cellular  com- 
partments with  a  view  of  obtaining  detailed  information  regarding  the  molecu- 
lar freedom  of  motion. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute 
Biogenic  amines  play  a  key  role  in  neurotransmission,  metabolism,  and  in 
control  of  various  physiological  processes.   Relatively  little  is  known 
regarding  mechanisms  of  transport,  storage,  release,  and  action  of  these 
agents.   The  availability  of  effective  analogs  provides  a  unique  set  of 
tools  for  the  study  of  these  mechanisms. 

Proposed  Course:   Additional  analogs  will  be  synthesized  to  help  answer 
specific  questions  regarding  the  biochemistry  and  pharmacology  of  biogenic 
amines.   Evaluation  of  the  analogs  will  be  continued  with  a  view  to  develop- 
ment of  possible  therapeutic  agents. 

Publications : 

Costa,  J.  L.,  Joy,  D.  C,  Maher,  D.  M.  ,  Kirk,  K.  L.,  and  Hui,  S.  W.  : 
Subcellular  Localization  of  Fluorinated  Serotonin  in  Human  Platelets  by 
Electron  Energy-loss  Spectroscopy.   Proceedings  of  the  Thirty-Fifth  Annual 
EMSA  Meeting,  Boston,  Mass.   238-239  (1977). 

Costa,  J.  L.,  Joy,  D.  C,  Maher,  D.  M.  ,  Kirk,  K.  L,  Hui,  S.  W.:   Fluorinated 
Molecule  as  a  Tracer:   Dif luoroserotonin  in  Human  Platelets  Mapped  by  Electron 
Energy-loss  Spectroscopy,  Science  200,  537-539  (1978). 
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I  SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

I     Basic  research  and  service  functions  are  performed  by  members  of  the  Section. 
|A  major  mission  of  the  organization  involves  the  instrumental  and  chemical 
j analyses  provided  to  scientists  of  the  Laboratory  of  Chemistry,  NIH,  and  to  a 
jlimited  extent  to  personnel  of  other  government  agencies.   Approximately  30  of 
the  more  common  elements  and  five  functional  groups  are  determined  on  a 
quantitative  basis,  using  ultramicro,  micro,  and  semi-micro  techniques  as  required 
The  materials  analyzed  include  organic  and  inorganic  research  samples,  commerci^^^ 
preparations  and  various  biological  specimens.   Molecular  weights  are  determinea" 
by  vapor  pressure  osmometry  in  both  aqueous  and  nonaqueous  solvents  when  requested! 
Instrumental  analyses  include:   GC/MS  spectormetry,  gas-liquid  chromatography,  GC  j 
jwith  radioactive  monitoring,  infrared,  nuclear  magnetic  resonance,  atomic         I 
absorption  spectrophotometry,  ultraviolet,  and  flame  photometry.   Chemical  analyses 
are  done  by  most  of  the  commonly  used  techniques  including:   gravimetric,  color-   | 
petric,  gasometric,  coulometric,  and  volumetric.   Assistance  in  the  interpretatJ^B 
'of  spectra  is  rendered  on  request.  ^^ 
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Project  Description:   Basic  research  and  service  functions  are  performed  by 
members  of  the  Section.   A  major  mission  of  the  organization  involves  the 
instrumental  and  chemical  analyses  provided  to  scientists  of  the  Laboratory 
of  Chemistry,  NIH,  and  to  a  limited  extent  to  personnel  of  other  government 
agencies.   Approximately  30  of  the  more  common  elements  and  five  functional 
groups  are  determined  on  a  quantitative  basis,  using  ultramicro,  micro,  and 
semi-micro  techniques  as  required.   The  materials  analyzed  include  organic 
and  inorganic  research  samples,  commerical  preparations  and  various  biological 
specimens.   Molecular  weights  are  determined  by  vapor  pressure  osmometry  in 
both  aqueous  and  nonqueous  solvents  when  requested.   Instrumental  analyses 
include:   GC/MS  spectrometry,  gas-liquid  chromatography,  GC  with  radioactive 
monitoring,  infrared,  nuclear  magnetic  resonance,  atomic  absorption  spectro- 
metry, ultraviolet,  and  flame  photometry.   Chemical  analyses  are  done  by  most 
of  the  commonly  used  techniques  including:   gravimetric,  colormetric, 
gasometric,  coulometric,  and  volumetric.   Assistance  in  the  interpretation  of 
spectra  is  rendered  on  request. 

During  the  past  year  the  total  number  of  analyses  performed  in  the 
microanalytical  laboratory  was  10,712  virtually  at  the  same  level  as  the  last 
reporting  period.   Review  of  the  special  types  of  analyses  are  shown  below: 

Analyses  Run 


Carbon 

Hydrogen 

Nitrogen 

Phosphorous 

Sulfur 

Halogens 

Metals 

Weight  Loss 

Rotations 

Miscellaneous 


1976-77 

2379 

2379 

4780 

320 

81 

357 

62 

31 

20 
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1977-78 

2345 

2345 

4541 

337 

87 

346 

201 

65 

55 

390 


10,657 


10,712 


%  Change 

- 

1, 

.4 

- 

1, 

.4 

- 

5, 

.0 

+ 

5, 

.3 

+ 

7. 

.4 

- 

3, 

,1 

+ 

224. 

,2 

+ 

109. 

.7 

+ 

175. 

.0 

+ 

57, 

.3 

0.5 


The  distribution  of  service  rendered  is  LC  (29%);  NIH,  not  including  LC  (66%); 
and  outside  agencies  (6%) .   This  distribution  is  comparable  to  the  previous 
reporting  period. 

Very  little  service  work  was  performed  on  the  Perkin-Elmer  421  infrared 
spectrometer.   The  bulk  of  this  type  of  analysis  is  done  by  individual 
investigators  on  low  resolution  infracords,  and  our  instrument  is  only  used 
for  special  studies.   It  is  retained  however  because  it  is  the  only  such 
instrument  available  to  LC. 

The  NMR  service  includes  the  Varian  A-60,  HA-100,  and  JEOL  FX-lOO  pulse 
Fourier  transform  spectrometers.   Approximately  150  spectra  were  run  on  the 
A60  by  Mr.  Benjamin  Miller  and  over  1000  by  individual  investigators.   Mr. 
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Miller  also  maintains  the  documentation,  ordering,  and  stocking  of  organic   ^J, 
chemical  stores  for  the  LC.   Over  400  spectra  were  run  on  the  JEOL  FX-lOO  as 
a  service  function  by  Dr.  Herman  Yeh  in  addition  to  50  on  a  Varian  HR-200 
(located  in  a  different  Section) .   These  specialized  spectra  were  in  addition 
to  Dr.  Yeh's  research  program,  reported  elsewhere. 

A  total  of  1332  samples  were  submitted  to  Mr.  William  Landis  for  mass    JK 
spectral  analysis  on  the  Hitachi  Perkin-Elmer  RMU-6E.   Each  analysis  involved  ^|; 
several  spectral  determinations  in  answer  to  the  research  investigators  requests 
and  the  capability  of  our  instrument.   This  involved  standard  qualitative 
spectra;  isotope  quantitative  mass-ratio  measurements;  on-scale  spectra  recorded 
either/or  the  visicorder  and  the  pen  recorder;  and  sample  mixtures  requiring 
fractional  volatility-changing  rate  separations,  introduced  through  the  solids- 
inlet  probe. 

The  capability  of  our  mass  spectral  analysis  will  be  considerably  upgraded 
by  our  recent  pruchase  of  a  high-resolution  mass  spectrometer  and  data  system. 
Installation  of  this  instrument  is  scheduled  in  the  next  few  months. 

The  distribution  of  service  rendered  on  the  Hitachi  instrument  is  as 
follows: 


NIAMDD-Laboratory  of  Chemistry  1087 

NIH  -  other  than  LC  193 

Outside  NIH  52 

1332 


c 


The  above  total  represents  a  16%  increase  of  service  over  the  past  reporting 
period. 

Mr.  Noel  Whittaker  is  the  principal  operator  of  the  Finnigan  GC/MS  system. 
A  heavy  sample  load  of  over  750  solid  probe  samples  were  run,  utilizing  both 
chemical  ionization  and  electron  impact  modes.   This  system  is  used  primarily 
for  investigators  of  the  LC  (85%),  but  there  is  a  small  volume  of  samples  from 
other  institutes  (10%)  and  outside  the  NIH  (5%).   Mr.  Whittaker  has  succeeded 
in  assembling  a  low  pressure  electron  impact  source  to  facilitate  switching 
from  CI  to  EI  modes.   This  system  will  be  fully  operational  pending  completion 
of  the  separator  for  the  GC/MS  interface. 


A  new  technique  for  operation  of  the  quadrupole  without  a  DC  potential 
being  applied  is  under  investigation.   This  technique  is  reported  to  increase 
sensitivity  in  the  high  mass  range  and  lower  tolerances  required  for 
mechanical  alignment  of  the  quadrupole. 


€ 


The  Section  Chief  continues  to  serve  as  Project  Officer  on  an  NIAMDD 
contract  with  the  Medical  Research  Council  of  England.   This  contract  provides 
reference  steroid  compounds  to  qualified  research  workers  in  the  U.S. 
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Publications:   Pohl,  L.  R.  ,  Booshan.  ,  B.,  l^nlittaker,  N.  F.  ,  and  Krishna,  G.: 
Phosgene:   A  metabolite  of  chloroform.   Biochem.  and  Biophy. 
R.  Commun.  79:   684,  1977. 

Sobus,  M.  T.,  Holmlund,  C.  E. ,  and  Whittaker,  N.  F. :   Effects 
of  the  hypocholesteremic  Agent  Trifluperidol  on  the  sterol, 
steryl  ester,  and  fatty  acid  metabolism  of  saccharomyces 
cerevisial.   Journal  of  Bacteriology  130:   1310,  1977. 
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SUMMARY  OF  WORK  (200  -ords  or  less  -  underline  keywords) 

Our  objective  is  to  characterize  the  nature  of  a  dehydrogenase-isomer ase 
^system  of  T.  pyriformis  by  purification  of  the  dehydrogenase  and  isolation  of 
the  pathway  intermediates.   Because  the  dehydrogenase  is  active  with  both  steroids 
and  non-steroids  as  substrates  we  will  study  the  substrate  specificity  and 
kinetics  of  the  partially  purified  enzyme.   A  growth  inhibition  study  will  also 
be  done  to  investigate  the  hypothesis  that  these  transformations  are  related  to  ^- 
the  toxicity  of  steroids  to  this  protozoan.  ^L 


€ 


254 


?rS-e040 
I'Sev.  10-76) 


Project  No.  ZOl  AM  19802-05  LC 

Project  Description:   The  protozoan  Tetrahymena  pyriformis  has  steroid 
dehydrogenases  that  are  similar  in  functional  properties  to  the  dehydrogenases 
of  higher  eucaryotes.   Specifically,  our  prior  identification  of  4-androstene- 
3S,173-diol  and  pregnenolone  as  transformation  products  from  the  incubation 
of  T.  pyriformis  with  testosterone  and  progesterone,  respectively,  indicated 
that  this  protozoan  possesses^a  dehydrogenase-isomerase  system  that  can 
isomerize  a  A  -steroid  to  a  A  -steroid  and  reduce  the  C-3  carbonyl  to  a 
36-hydroxyl.   The  characterization  of  this  system  is  being  pursued  in  several 
ways. 

The  6-hydroxysteroid  dehydrogenase  (3-HSDH)  is  obtained  as  a  crude 
supernatant  from  a  100,000  x  g  centrifugation  of  ruptured  cells.   Purification 
techniques  such  as  ammonium  sulfate  precipitation,  and  affinity  chromatography 
on  blue  sepharose  and  on  an  agarose  matrix  to  which  a  steroid  hemisuccinate 
has  been  linked  are  being  used  to  purify  the  3-HSDH.   Although  the  amount  of 
this  enzyme  activity  in  T_.    pyriformis  is  small,  the  development  of  a  quick 
spectrophotometric  assay  and  the  availability  of  large  fermentors  is  making  the 
purification  feasible.   Once  a  sufficient  amount  of  3-HSDH  activity  is 
partially  purified  it  will  be  used  for  kinetic  and  substrate  specificity 
studies . 

One  non-steroid  substrate,  S-hydroxypropionic  acid,  has  been  determined 
to  be  active  with  the  partially  purified  3-HSDH  preparation.   Whether  these 
dehydrogenase  activities  continue  to  co-purify  will  be  investigated. 

14     3 
The  incubation  of  T_.    pyriformis  with  C   or  H  -labeled  progesterone, 

testosterone,  pregnenolone,  and  5-androstene-33,17S-diol  is  being  done  in  the 

hope  of  isolating  the  intennediate(s)  of  the  S-dehydrogenase  A  ,A  -isomerase 

pathway.   Qualitative  and  quantitative  identification  of  these  intermediates 

by  column,  thin-layer,  and  gas  chromatography  and  other  analytical  techniques 

could  indicate  whether  this  pathway  has  any  reversibility  in  T_^  pyriformis 

and/or  whether  it  operates  via  the  same  sequence  of  steps  as  have  been 

determined  in  higher  animals. 

Cultures  of  T.  pyriformis  will  be  grown  in  the  presence  of  varied 
concentrations  of  unlabeled  steroids.   Growth  inhibition  will  be  measured  by 
cell  counting  in  a  hemocytometer .   A  fixative  technique  has  been  developed  to 
immobilize  the  protozoa  and  Trypan  blue  will  be  used  to  distinguish  between 
viable  and  nonviable  intact  cells. 

Publications:   None. 
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Project  Description:   Basic  information  on  che  structure  and  molecular 
interactions  of  biologically  important  materials  is  of  significance  to 
biochemical  and  biological  research.   One  of  the  most  promising  approaches  in 
obtaining  such  information  is  through  the  use  of  nuclear  magnetic  resonance. 
The  purpose  of  this  project  is  to  develop  nuclear  magnetic  resonance  methods 
for  studying  molecular  structures  and  molecular  interactions  in  biochemical 
and  biological  systems. 

Porphyrins  and  metalloporphyrins  are  important  components  of  several 

biological  macromolecules,  and  many  of  the  biologically  significant  properties 

of  these  molecules  are  directly  related  to  the  interaction  among  the  central 

metal  and  the  chelating  nitrogen  atoms,  and  among  the  central  metal  and  the 

ligands.   Thus,  information  on  the  properties  of  various  metalloporphyrin- 

ligand  complexes  and  their  relative  stabilities  is  useful  to  the  understanding 

of  the  functioning  of  these  biological  macromolecules.   Such  systems  appear 

to  be  ideally  suited  for  investigations  by  nuclear  magnetic  resonance 

spectroscopy.   We  therefore  made  a  NMR  study  of  the  equilibria  and  magnetisms 

of  ferriprotoporphyrin  IX  (hemin)  complexed  with  a  number  of  ligands.   The 

results  show  that  the  cyanide  ligation  to  hemin  is  a  two  step  process,  with 

first  the  formation  of  a  previously  unknown  monocyano  adduct  of  hemin  and  then 

followed  by  a  dicyanohemin  in  completion.   Binding  of  imidazole  to  hemin, 

however,  is  a  concerted  process  which  only  forms  diimidazolehemin  product. 

The  relative  stabilities  of  various  hemin-ligand  complexes  were  determined  as 

K  ,     >   K,  .^^^  >  K,  .^^  '^^  K    ^.  >>  K    ^  .   The  iron(III)  of  intermediary 

CN.Im  —   diCN  ,  dxIM  .   monoCN.   .  monolm    .   .     /„    ■,  /^v   ,  .-, 
species,  monocyanohemm,  is  aetermined  as  low  spin  iron  (S  =  1/2)  while 

monoimidazolehemin  has  been  reported  as  high  spin  iron  (S  =  5/2)  .   The  rate  of 

exchange  among  different  hemin  species  is  slow  on  the  NMR  time  scale,  at  a 

rate  slower  than  160  sec    at  65°. 

Several  recent  communications  have  reported  on  the  use  of  N-15  NMR 
spectroscopy  as  a  means  of  assessing  unique  structural  information  about 
prophyrins,  metalloporphyrins  and  related  ring  systems.   However,  the  use  of 
N-15  in  probing  the  metal-ligand  and  metal-porphyrin  interactions  of  these 
molecules  remains  to  be  explored.   We  have  made  a  NMR  study  of  a  metal  nuclide 
in  conjunction  with  N-15  NMR  in  the  investigation  of  the  nature  of  ligand 
binding  in  doubly  labeled  cadmium  meso-tetraphenylporphyrin  [    Cd-TPP(   N,)]. 
Using  the  I    Cd]-  H  and  I   N]-  H  INDOR  experiments  we  are  able  to  obtain  the 

Cd  and   N  spectra  of    Cd-TPP(   N.)  in  CDCl   at  5-10  mg  quantity.   The 
one  bond    Cd-   N  coupling  constant  was  first  measured  as  144  Hz.   To  examine 
the  effect  of  ligands  on  the    '-•'^i  9^^   ^  chemical  shift  as  well  as  the  Cd-N 
coupling  constants,  the    Cd-TPP(   N.)  was  treated  with  a  series  of 
substituted  pyridines.   Our  results  indicate  that  the   N  chemical  shifts  are 
insensitive  to  the  ligand  effect  and  therefore  it  is  not  practical  to  use 
N-15  NMR  as  a  tool  for  probing  the  interaction  of  ligand  with  metalloporphyrin. 
A  relatively  large    Cd  chemical  shift  difference  was  observed  for  the  series 
of  ligands  ('x-  17  ppm)  .   The  result  suggests  that    Cd  NMR  (and  probably  the 
other  metal  nuclides)  is  a  better  tool  for  probing  the  interaction  of  ligands 
with  metalloporphyrins.   A  good  correlation  between  the    Cd  chemical  shift 
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and  the  pK  values  of  the  substituted  pyridine  ligands  is  also  observed.   An  H 
extension  of  this  work  to  the  other  metal  nuclides  has  been  planned. 

Hemerythrin,  a  non-heme  oxygen-carrying  protein  found  in  the  erythrocytes 
of  certain  marine  invertebrates,  normally  occur  in  an  octameric  form  of 
molecular  weight  108,000,  and  can  be  dissociated  into  the  monomer ic  species 
in  the  presence  of  several  organic  mercurials.   Each  subunit  contains  two     ^ 
atoms  of  iron  and  can  reversibly  bind  one  molecule  of  oxygen.   Oxidation  of   ^p 
either  oxyhemerythrin  of  deoxyhemerythrin  gives  the  iron (III)  species, 
methemerythrin,  which  coordinates  a  number  of  simple  anionic  ligands  to  give 
a  series  of  characteristic  methemerythrin  complexes. 

Many  details  on  the  strucutre  of  the  active  center  of  hemerythrin  have 
been  reported.   However,  information  on  the  conformation  and  the  nature  of 
intersubunit  interactions  of  this  protein  is  meager  and  remains  to  be  explored. 
We  have  made  comparative  NMR  studies  of  the  pH-dependent  chemical  shifts  of 
histidine  C-2  protons  in  the  spectra  of  P^.  gouldii  hemerythrin  A  and 
hemerythrin  B,  and  T_.    pyroides  myohemerythrin  in  their  metazide  forms  in  order 
to  obtain  local  structural  information  of  these  proteins.   By  comparing  their 
NMR  spectra  in  the  histidine  C-2  proton  resonance  regions,  we  are  able  to 
assign  two  histidine  resonances  in  hemerythrin  A  (His-82  and  His-34)  and  each 
one  in  hemerythrin  B  (His-34)  and  myohemerythrin  (His-57).   The  readily 
titrable  His-82  (pK  6.5)  in  hemerythrin  A  and  His-57  (pK  6.4)  in  myohemery- 
thrin in  the  pH  range  4  to  9.5  sugest  that  these  histidines  probably  exposed 
near  the  surface  of  the  protein.   That  His-34  in  hemerythrin  A  and  hemerythrin 
B  can  be  observed  only  below  pH  4.5  indicates  that  His-34  may  be  partially 
buried  inside  the  protein  or  hydrogen-bonded  to  nearby  amino  acid  residues. 
These  results  eliminate  the  possibility  of  His-82,  His-34  and  His-57  as 
ligands  to  the  iron  atoms  and  hence  imply  that  a  maximum  number  of  five 
histidines  are  coordinated  to  the  iron  atoms. 

We  also  examined  the  histidine  C-2  proton  titration  behaviors  of_both_ 
octameric  and  monomeric  methemerythrins  with  several  ligands  (e.g.  N_  ,  CI 
and  CN  ) .   The  titration  data  for  His-34  were  found  noticeably  different 
between  ligands  such  as  N_   and  CI   (or  CN  ) ,  and  the  pK  value  of  His-34 
was  found  to  be  considerably  higher  in  the  monomeric  than  the  octameric 
methemerythrin  complexes.   These  findings  tend  to  suggest  that  the  local 
environment  at  His-34  is  different  for  these  methemerythrin  ligand  complexes 
and  also  suggest  the  involvement  of  His-34  in  the  intersubunit  interactions. 

Publications:   Yeh,  H.  J.  C,  Sato,  M.  and  Morishima,  I.:   H  and  15„  ^-^ 
studies  of   N-labled  meso-tetraphenylporphyrin.   J.  Mag. 
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SUMMARY  OF  WORK  (200  words  or  less  -  unaerline  keywords) 

The  primary  goal  of  this  work  is  to  contribute  to  the  investigation  and 
solution  of  basic  biological  and  medical  problems.   This  is  to  be  done  by  the 
development  of  chemical  methods  and  reagents  for  the  study  of  the  structures  of 
biomolecules,  by  the  study,  development,  and  application  of  organic  and  photo- 
chemical reactions,  and  by  the  synthesis  of  selected  chemical  compounds.   Areas 
of  special  interest  are  photocyclizations,  photorearrangements ,  selenium  chemistry, 
medicinal  chemistry,  and  cancer  chemotherapy. 
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Project  Description:   The  objective  of  this  project  is  to  make  contributions 
to  the  investigation  and  solution  of  basic  biological  and  medical  problems 
by  the  application  of  chemical,  physical,  and  biological  methods. 

Work  is  in  progress  on  the  study  of  cancer  metastases  in  the  mouse.   The 
purposes  of  this  study  are  to  increase  our  understanding  of  the  steps  through 
which  circulating  tumor  cells  pass  on  the  way  to  becoming  metastases,  to  study 
the  effect  of  chemicals  on  metastases  and  their  development,  and  to  apply  the 
knowledge  gained  thereby  to  the  design  and  synthesis  of  organic  compounds 
which  hopefully  will  be  of  use  in  inhibiting  or  preventing  the  formation  of 
metastases  or  in  destroying  them  in  human  beings.   The  findings  of  this  study 
may  also  contribute  to  the  study  of  other  biological  and  medical  problems. 

Work  on  photocyclizations  and  photorearrangements  in  heterocyclic  and 
non-heterocyclic  systems  is  to  be  continued. 

Publications:   None. 
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SUMMARY   OF    aORK    (200   words    or    less   -   u-aerline    keywords) 

The  objective  of  this  project  is  to  define  the  initial,  intra-cellular  events 

S3mthetic  glucocorticoid  derivatives,  some  of  which 


of  steroid  hormone  action. 


pould  react  to  form  covalently  labelled  receptors  via  affinity  labelling,  are 
[being  used  with  glucocorticoid-responsive  rat  hepatoma  tissue  culture  cells  to 
Examine:   (1)  steroid-receptor  binding  site  interactions;  (2)  the  effects  of 
jsteroid  binding  on  receptor  conformation;  (3)  the  nature  of  "activation"  of       j 
receptor-steroid  complexes;  (4)  the  nuclear  binding  of  activated  receptor-stero^K' 
[complexes;  and  (5)  receptor  homology  in  closely  related  cell  lines.   A  novel  gr(j 
^f  potential  affinity  labelling  steroids,  which  may  yield  a  functionally  active, 
covalently  labelled  receptor,  appear  very  promising.   Fluorescence  spectroscopy 
{represents  another  technique  for  examining  these  interactions.   For  this  reason, 
we  have  investigated  the  fluorogenic  reaction  of  o-phthalaldehyde  and  B- 
piercaptoethanol  with  primary  amines  and  defined  some  of  the  chemical  and 
jfluorescence  properties  of  the  previously  unkno\>m  isoindole  products.  ^W 

I 

! 262       

'?HS-6040 
■Rev.  10- 7c) 


Project  No.  ZOl  AM  19806-03  LC 

Project  Description:   Steroid  specific  events  are  induced  by  nanomolar 
concentrations  of  hormone  in  responsive  cells.   Thus,  extremely  sensitive 
methods  are  required  in  order  to  monitor  the  steroid  at  physiological  levels. 
Fluorescence  spectroscopy  can  1)  detect  some  compounds  at  concentrations  as  low 
as  10   M  and  2)  provide  information  about  the  microenvironment  of  the 
fluorescent  molecule.   These  two  properties  make  fluorescence  spectroscopy 
ideally  suited  for  a  study  of  steroid-receptor  interactions. 

We  have  examined  the  fluorogenic  reaction  of  o-phthalaldehyde  (OPTA)  and 
3-mercaptoethanol  (MERC)  with  primary  amines  and  amino  acids  because  the 
hitherto  undefined, _intensely  fluorescent  products  are  detectable  at 
concentrations  -   10  M.   This  fluorogenic  reaction  is  found  to  give  an  unstable 
l-alkylthio-2-alkylisoindole  (I)  as  the  product.   The  structure  of  this  group 


S  - 


R  =  alkyl,  aryl 
N  -  R' 

R'=  alkyl 

of  previously  unknown  isoindoles  was  determined  (1)  from  an  in  situ  analysis 
of  the  adducts  formed  in  solution  from  OPTA,  MERC  or  ethanethiol  (ET) ,  and 
n-propyl  amine,  (2)  from  the  characterization  of  solid  derivatives  of  these 
MERC  and  ET  adducts,  and  (3)  from  the  studies  of  two  isolable  isoindoles  -  an 
OPTA/t-butyl  thiol/n-propylamine  adduct  and  a  dimeric  adduct  formed  from  OPTA, 
ethanedithiol  and  n-propylamine.   In  collaboration  with  Prof.  Ammon  of  Univ. 
of  Md . ,  we  are  trying  to  obtain  an  x-ray  structure  of  a  derivative  of  I  in 
order  to  unambiguously  prove  the  isoindole  structure  and  to  answer  some  basic 
questions  about  this  ring  system. 

The  fluorogenic  reaction  is  found  to  be  quite  general  as  OPTA  and  numerous 
thiols  rapidly  react  with  n-propyl  amine  or  leucine  to  give  isoindoles  in 
excellent  yield.   Most  adducts  were  not  isolated  but  their  physicil  properties 
in  solution  were  qualitatively  identical  to  those  of  the  t-butyl  and  dimeric 
ethanedithiol  adducts.   Analysis  of  the  chemical  shifts  of  the  isoindole  alkyl 
substituents  in  the  NMR  spectra  support  the  previous  conclusions  that  these 
heterocycles  have  relatively  low  levels  of  aromatic  character.   The  addition 
sequence  of  the  reaction  is  important;  the  best  results  are  obtained  by  mixing 
OPTA  and  thiol  before  adding  the  amine.   With  some  thiols,  this  procedure 
results  in  the  initial  formation  of  a  l-alkylthio-3-hydroxy-l,3-dihydroiso- 
benzofuran.   However,  these  1:1  adducts  do  not  appear  to  be  obligatory 
intermediates  in  the  subsequent  reaction  with  primary  amines  to  form  1-thio- 
substituted  isoindoles. 

The  fluorescence  spectra  of  these  l-alkyl(and  aryl) thio-2-alkylisoindoles 
(I)  are  quite  sensitive  to  variations  in  thiol  and  amine  substituents  and 
solvent  polarity.   These  parameters,  in  addition  to  3-thiol  substitution  of 
the  isoindoles,  pH  and  the  use  of  phosphate  v£  borate  aqueous  buffers, 
were  found  to  have  dramatic  effects  on  the  corrected  relative  fluorescence 
intensity.   Low  concentrations  and  non-aqueous  solvents  apparently  stabilized 
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most  adducts  while  aqueous  solutions,  especially  at  low  pH,  caused  pseudo-first 
order  decomposition  probably  via  hydrolysis  to  the  corresconding  2,3-dihydro- 
lH-isoindole-1-one.   However,  3.3  x  10  M  solutions  of  the  more  intensely 
fluorescent  adducts  (total  adduct  -   5  pmoles)  were  readily  detected  if  the 
fluorescence  was  determined  shortly  after  adding  the  isoindole  to  pH  9.2  borate 
buffer.   The  adduct  formed  using  ethanethiol  and  n-propylamine  possessed     ^ 
spectral  properties  which  were  the  most  responsive  to  changes  in  solvent     ", 
polarity  and  was  the  most  stable  under  the  various  conditions  employed.   These 
isoindoles  also  appear  to  be  the  products  observed  in  several  other  fluorogenic 
assays  using  OPTA.   We  are  presently  investigating  the  feasibility  of  attaching 
these  isoindoles  to  a  glucocorticoid  steroid,  which  could  permit  a  fluorescence 
study  of  steroid-receptor  interactions. 

Alternative  methods  of  studying  receptor-steroid  interactions  are  1)  to 
examine  the  effects  of  subtle  modifications  of  a  steroid  hormone  and  2)  to 
prepare  steroids  capable  of  forming  a  covalent  receptor-steroid  complex  via 
affinity  labelling.   Several  21-substituted  derivatives  of  Cortisol  have  been 
prepared.   For  each  derivative,  whole  cell  and  cell-free  interactions  with 
the  receptor  from  a  line  of  glucocorticoid-responsive  rat  hepatoma  tissue 
culture  (HTC)  cells  were  examined  in  collaboration  with  Dr.  Thompson  of  the 
NCI.   In  particular  the  biological  acitvity  of  each  steroid  was  determined 
from  its  ability  to  increase  the  specific  activity  of  the  inducible  enzyme 
tyrosine  aminotransferase.   An  investigation  of  receptor  homology  has  been 
initiated  by  comparing  the  responses  of  HTC  and  another  line  rat  hepatoma  cell^ 
to  the  same  steroid.   Two  of  the  Cortisol  derivatives  (a-bromoacetate  and     ^jf 
acrylate)  are  unstable  in  the  whole  cell  assay  and  are  converted  to  Cortisol. 
Direct  interaction  of  these  derivatives  with  the  glucocorticoid  receptor  were 
quantitated  by  a  competition  assay,  to  measure  the  relative  affinity  for 
receptor,  and  by  an  exchange  assay,  to  measure  the  amount  of  covalent  receptor- 
steroid  complex  formed.   In  each  case,  the  modified  Cortisol  compound  exhibited 
a  decreased  affinity  for  the  receptor  and  gave  no  evidence  for  a  covalent 
receptor-steroid  complex. 

A  novel  approach  for  studying  glucocorticoid  receptors  is  to  covalently 
label  the  receptor  with  a  small  molecule  in  order  to  obtain  a  functionally 
active,  covalently  labelled  receptor.   Two  Cortisol  derivatives  (21-thiol 
acetate  and  21-(0-ethyl)xanthate)  were  synthesized  for  this  purpose.   In 
collaboration  with  Dr.  Thompson  of  NCI,  we  found  that  these  derivatives  have 
an  increased  affinity  for  the  receptor,  in  spite  of  the  bulky  21-substituents. 
Furthermore,  receptor  pre-bound  with  these  derivatives  is  not  inhibited  in  its 
ability  to  rebind  fresh  steroid,  just  as  expected  if  a  functionally  active, 
labelled  receptor  had  been  formed.   In  order  to  study  these  steroids  in  more  ^ 
detail,  we  are  trying  to  obtain  samples  containing  radioactively  labelled     ^ 
acetate,  or  thionocarbethoxy,  groups. 

We  are  applying  organic  chemistry  to  the  study  of  an  important  biological 
molecule{s)  -  the  intracellular  steroid  hormone  receptor(s) .   A  molecular 
understanding  of  steroid-receptor  interactions  is  highly  desirable,  especially 
since  therapeutically  valuable,  steroid-specific  differences  are  most  likely 
expressed  at  this  level  of  steroid  hormone  action. 
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porphyrin- IX  molecules,  containing  fluorine  and  C atoms,  and  L-Histidine-2-C 

19      13 
have  been  incorporated.   Results  from  F   and  C   NMR  measurements  provide  data 

for  rationalizations  of  cellular  processes,  and  for  the  study  of  intramolecular 

interactions  and  perturbations. 
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13 
method  of  obtaining  B  would  be  through  reaction  of  C   Wittg  reagent  upon  E. 

We  have  found  the  dollar  cost  of  the  C   Wittig  reagent  prohibitive. 

13 
L-Histidine-2-C   was  synthesized  for  the^ purpose  of  enzymatic 

incorporation  into  Briend's  Leukemic  cells.   C   fM  R  will  be  used  in  monitoring 

catabolism  of  the  histidine  molecule.   L.-Histidine-2-C   is  obtained  by  a 

method  identical  to  that  of  L-Histidine-2-C   .   The  preparation  described  in 

the  literature  is  a  multistep  procedure.   Overall  yield  of  the  compound  is 

less  than  1% 

Publications:   ELller,  R.  and  Woods,  S.M.  Woods:   Pentaf luorophenyKacetoni- 
trile  [Benzeneacetonitrile,  2, 3,4 , 5, 6-pentaf luoro] .   Organic 
Synthesis  57:   132-134,  1977. 
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.19 


,13 


Project  Description:   Syntheses  of  several  F"'  and  C^"  protoporphyrin-IX 
compounds  are  described.   These  substances  as  well  as  hemoglobin  reconstituted 
with  these  C   and  F   porphyrins  will  be  used  in  NMR  studies.   This  research 
exploits  the  uniqueness  of  F   and  C   NMR  techniques  in  studying  and 
rationalization  of  molecular  interaction  and  perturbations. 

2,4-Bis(l-fluoroethyl)deuteroporDhyrin-IX-dimethyl  ester  (A)  and  Dimethyl 
meso-porphyrin-IX  ester  containing  C   in  the  number  two  position  of  both 
ethyl  groups  (B)  are  fundamental  compounds.   Synthesis  of  compound  A  is  not 
previously  reported.   Several  key  intermediates  in  synthesis  of  compounds  A 
and  B  have  been  obtained  for  the  first  time.   Compound  A  was  formed  in  low 
yields  by  addition  of  HF  (in  a  pyridine-HF  solution)  across  the  double  bond 
of  the  vinyl  group  in  dimethyl  protoporphyrin-IX  ester.   A  second  unexpected 
product  containing  fluorine  atoms  at  a,    B,  Y  and  5  positions  was  isolated  from 
the  reaction  mixture.   An  attempt  at  synthesizing  compound  A  by  reaction  of 
"naked"  fluoride  ion  (formed  by  crown  ether  in  acetonitrile)  on  the  methane- 
sulfonyl  chloride  of  hematopcrphyrin-IX-dimethyl  ester  was  unsuccessful.   An 
important  intermediate  in  the  chosen  synthetic  route  to  compound  B  is  a 
compound  having  structure  D.   This  new  compound  is  obtained  from  2 ,4-Dif ormyl- 


deuteroporphyrin-E -dimethyl  ester,  E,  in  low  yields  by  reactions  shown  in 
scheme  below: 


E    p-toluenesulfonamide 

p-toluene  sulfonic  acid, 
N„,  toluene,  heat 


E-N- to sy limine 

1    13 
'NaC  N 

MPT 


Here-to-fore,  f ormyl  group(s)  on  substituted  and  unsubstituted  pyrrols  have 
been  reported  as  completely  unreactive  to  CN  ion. 

Attempts  at  preparation  of  B  from  D  have  to  date  failed.   A  more  elegant 
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13 
method  of  obtaining  B  would  be  through  reaction  of  C   Wittg  reagent  upon  E. 

We  have  found  the  dollar  cost  of  the  C   Wittig  reagent  prohibitive. 

13 
L-Histidine-2-C   was  synthesized  for  the  purpose  of  enzymatic 

incorporation  into  Friend's  Leukemic  cells.   C   NMR  will  be  used  in  monitoring 

catabolism  of  the  histidine  molecule.   L-Histidine-2-C   is  obtained  by  a 

method  identical  to  that  of  L-Histidine-2-C   .   The  preparation  described  in 

the  literature  is  a  multistep  procedure.   Overall  yield  of  the  compound  is 

less  than  1% 

Publications:   Filler,  R.  and  Woods,  S.  M.  Woods:   Pentaf luorophenyl (acetoni- 
trile  [Benzeneacetonitrile,  2, 3 ,4, 5, 6-pentaf luoro] .   Organic 
Synthesis  57:   132-134,  1977. 
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Project  description: 

Objectives:   To  study  the  basic  chemistry  and  biochemistry  of  the  cate- 
cholamines, phenolic  amines,  indole  alkylamines,  imidazolealkylamines ,  and 
their  precursors  and  metabolic  transformation  products.   To  develop  new  tech- 
niques for  the  investigation  of  membrane  transport  systems  and  receptor  in- 
teraction as  related  to  these  amines  and  their  interaction  with  various  drugs. 
To  study  the  mechanism  of  action  of  specific  neurodegenerative  agents  struc- 
turally related  to  these  amines;  to  investigate  the  specific  sites  of  the  cy- 
totoxic action  of  these  compounds  and  to  describe  both  the  subcellular  morpho- 
logical changes  and  specific  interaction  with  macromolecules  which  accompany 
this  cytotoxic  action.   To  study  the  histopathology  of  the  non-neuronal  ef- 
fects of  these  cytotoxic  amine  derivatives.   To  isolate  and  purify  enzymes 
operative  in  the  biosynthesis,  metabolism,  and  physiological  function  of  bio- 
genic amines.   To  determine  the  physical  properties  of  these  enzymes.   To 
prepare  specific  antibodies  for  these  enzymes  and  related  protein  factors  and 
apply  the  antibodies  to  the  development  of  radioimmunoassays  for  the  meas- 
urement and  localization  of  these  proteins.   To  investigate  the  distribution 
of  these  enzymes  and  proteins  at  both  the  cellular  and  subcellular  levels 
through  the  application  of  iiranunoper oxidase,  ferritin,  and  fluorescence 
techniques.   To  determine  the  effects  of  the  introduction  of  fluorine  and 
other  substituents  on  the  aromatic  and  imidazole  rings  of  biogenic  amines  on 
transport,  metabolic,  and  receptor-mediated  systems  for  biogenic  amines.   To 
investigate  the  metabolism,  toxic  actions,  and  antineoplastic  effects  of  var- 
ious fluorine  analogs  of  the  amino  acid  precursors  of  certain  biogenic  amines 
and  to  ascertain  the  nature  and  mechanism  of  the  incorporation  of  these  ana- 
logs into  protein  in  vivo  and  in  various  cultured  cell  lines.   To  devise  and 
test  a  system  for  the  quantitative  measurement  of  rodent  behavior  and  to  cor- 
relate such  measurements  with  function  of  biogenic  amine  systems  in  brain. 

Methods  Employed:   Drugs,  biogenic  amines,  and  various  precursors  have 
been  prepared  with  deuterium,  iodine-125,  carbon-14,  and  tritium  to  study  the 
metabolxsm,  transport,  distribution,  and  release  of  these  compounds.   Standard 
methods  of  synthetic  organic  chemistry  have  been  used  to  prepare  these  com- 
pounds.  Standard  methods  of  protein  purification  and  analysis  have  been  used 
to  purify  and  isolate  various  enzymes  and  proteins,  as  well  as  specific  af- 
finity labeling  techniques  and  immunoabsorption  techniques.   Standard  methods 
of  histopathology  employing  light  and  electronmicroscopy  have  been  used  to 
examine  the  cytotoxic  effects  of  neurotoxic  amines  and  certain  cell  specific 
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toxic  amino  acid  derivatives.   Standard  immunodiffusion,  electrophoresis  and 
immunization  techniques  have  been  employed  in  the  development  of  various  anti- 
bodies.  Standard  methods  of  cell  culture  have  been  used  for  the  testing  of 
various  amino  acid  analogs  on  various  cell  lines .   New  techniques  for  the 
fixation  of  tissues  to  facilitate  the  localization  of  antibody-specific  pro- 
teins  have  been  developed.   A  new  system  for  the  quantitative  analysis  of  ro-^« 
dent  behavior  has  been  explored  and  has  required  the  development,  through  a  ^F 
trial  and  error  procedure  of  computer  analysis  to  interpret  the  validity  of 
the  behavioral  parameters. 

Major  Findings:   Specific  antibodies  have  been  prepared  to  rat  liver  catechol- 
0-methyl-transf erase  (COMT) .   The  enzyme  has  been  localized  immunohistochemical- 
ly  in  the  brains  of  rat,  beef,  and  chinchilla.   In  all  species,  specific  immuno- 
fluorescence was  detectable  only  in  non-neuronal  elements.   The  most  intense 
immunoreactivity  was  observed  in  the  cells  of  the  choroid  plexus  and  the  ventri- 
cular ependyma.   In  addition,  the  interfascicular  oligodendrocytes  and  the 
proximal  portions  of  their  projections  exhibited  bright  immunofluorescence.   The 
presence  of  high  levels  of  COMT  in  the  choroid  plexus  and  ependymal  cells  sug- 
gests the  enzyme  may  function  in  part  as  a  biochemical  barrier  for  amine  trans- 
mitters by  partitioning  the  CSF  from  the  brain  parenchyma. 

The  cellular  and  subcellular  localizations  of  monoamine  oxidase  (MAO)  and 
COMT  were  investigated  in  the  rat  heart.   Autoradiography  indicated  that  MAO 
labeled  in  vivo  with  radioactive  pargyline  was  localized  within  capillary  endo- 
thelial cells  and  within  myocardial  cells.   Grains  were  found  principally  ovej|fc 
mitochondria  with  some  grains  fround  scattered  over  the  remaining  components  ^B 
of  the  cells.   The  few  fibroblasts  and  adrenergic  neurons  encountered  did  not 
contain  grains.   The  localization  of  COMT  was  determined  immunocytochemically, 
utilizing  a  specific  antibody  produced  in  rabbits  with  purified  rat  liver  COMT. 
Positive  reactions  indicating  specific  COMT  activity  were  observed  in  myocardial 
cells  and  in  endothelial  cells,  whereas  smooth  muscle  cells  of  coronary  arteries 
were  negative.   Antigenicity  of  COMT  was  best  preserved  with  the  alcohol  fixa- 
tive and  was  least  preserved  with  glutaraldehyde-paraofrmaldehyde.   Electron 
microscopic  evaluation  utilizing  the  PAP  method  indicated  the  COMT  was  present 
in  the  cytoplasm  of  cardiac  muscle  cells  and  capillary  endothelial  cells,  but 
was  absent  from  various  membrane-bound  intracellular  areas  including  mitochon- 
dria and  nuclei.   Plasma  membranes  of  capillary  endothelial  cells  and  myocardial 
cells  were  positive. 

The  cellular  localization  of  COMT  was  studied  in  the  non-pregnant  and 
pregnant  rat  uterus  using  the  PAP  method.   The  enzyme  position  material  was 
limited  to  epithelial  cells  at  early  stages  of  pregnancy.   By  day  7,  however, 
COMT  appeared  in  the  decidual  cells  on  the  antimesometrial  side  of  the  uterus 
close  to  the  implanting  blastocyst.   Two  morphologically  distinct  decidual    ^t' 
cells  were  observed:   one  type  was  polygonal  and  the  other  stellate.   After   ^K 
partum  the  COMT  positive  decidual  cells  remained  in  the  decidua  basalis.   No 
clearly  defined  COMT  was  present  in  the  non-pregnant  uterus. 

The  2-, 5-,  and  6-f luorodopamines  have  been  synthesized  and  tested  as  sub- 
strates for  COMT.   The  2-  and  6-fluoro  derivatives  are  extremely  poor  substrates 
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while  5-f luorodopamine  has  an  affinity  similar  to  that  of  dopamine.   The  2-, 5-, 
and  6-fluoro  derivatives  of  norepinephrine  (NE)  have  been  prepared.   These  de- 
rivatives show  the  same  patterns  as  regards  affinity  towards  COMT;  i.e.  5- 
fluoronorepinephrine  is  similar  to  norepinephrine  whereas  the  2-  and  6-fluoro- 
norepinephrines  are  extremely  poor  substrates. 

The  ability  of  the  f luoronorepinephrines  (F-NE)  to  inhibit  the  binding  of 
[  H]dihydroalprenolol  to  B-adrenergic  receptors  and  of  [  H]WB-4101  to  a-adrener- 
gic  receptors  in  rat  cerebral  cortical  membranes  was  studied.   (+)5-F-NE  was 
more  potent  than  (+)NE  in  displacing  both  specific  radioligands.   (+) 6-F-NE  on 
the  other  hand  was  equipotent  with  (-)NE  for  a-receptors  and  almost  totally 
inactive  for  6-receptors.   Examination  of  these  derivatives  in  preparations  of 
guinea  pig  atria  and  aorta  indicated  that  5  F-NE  was  equipotent  or  slightly  more 
potent  in  both  organ  preparations;  (+) 6-F-NE  was  equipotent  with  (+)NE  as  re- 
gards stimulation  of  contraction  of  the  aortic  strip  (primarily  an  alpha  re- 
sponse) and  nearly  without  effect  in  the  guinea  pig  atrial  preparation  (pri- 
marily a  beta  response).   (+)2-F-NE  on  the  other  hand  failed  to  stimulate  the 
aortic  strip  and  was  only  slightly  less  effective  than  (+)NE  in  the  atrial 
preparation.   The  response  of  6-F-NE  was  blocked  by  phentolamine  and  while  the 
response  to  (+)2-F-NE  was  blocked  by  propranolol. 

The  fluorine  substituted  analog  of  histidine,  L-2-f luorohistidine,  (2FHis) , 
has  been  shown  to  be  a  reversible  bond  marrow  depressant  and  to  induce  a  rever- 
sible atrophy  of  the  spleen,  thymus,  and  lymph  nodes  in  mouse.   A  study  of  the 
biochemical  mechanism  underlying  this  action  revealed  that  [  H]2FHis  is  in- 
corporated into  murine  protein  in  vivo  by  a  cycloheximide-sensitive  system.   The 
extent  of  2FHis  incorporation  is  20%  of  that  of  histidine  and  has  a  similar  dis- 
tribution and  time  course.   Unlike  histidine,  however,  2FHis  gives  rise  to  an 
acid-soluble  metabolite  which  is  retained  in  mouse  tissues  for  >  72  hrs.   [  H]- 
2FHis  is  incorporated  into  hot,  TCA- insoluble  material  when  conf luent.monolayers 
of  mouse  L-cells  are  exposed  to  [  H]2FHis  in  histidine-f ree  media.   [  H]2FHis 
incorporation  into  L-cell  protein  is  blocked  by  cycloheximide, .excess  cold  2FHis 
or  histidine.   SDS-PAGE  patterns  of  L-cell  lysates  following  [  H]2FHis  treatment 
were  identical  to  those  obtained  with  [  H] -histidine.   The  effect  of  2FHis  on  de 
novo  protein  synthesis  was  determined  in  the  following  cell-free  systems:  1)  EMC 
(encephalomyocarditis  virus) -RNA  directed  synthesis  in  Krebs-2  cell,  S_„  ex- 
tracts, 2)  E>IC-RNA  directed  and  endogenous  synthesis  in  mouse  L-cell,  S   ex- 
tracts, and  3)  Poly  (U,C)  directed  synthesis  in  E^.  coli,  S-.  extracts.   ZFHis 
blocked  the  incorporation-of  [  H]-His  (ID.q'"-'  10  uM)  and  failed  to  block  [  H]- 
leucine  incorporation.   [  H]2FHis  is  taken  up  by  rabbit  reticulocyte  preparations 
and  is  incorporated  into  hemoglobin.   The  incorporation  is  blocked  by  cyclo- 
heximide  and  by  excess  exogenous  histidine.   2FHis  failed  to  block  the  incor- 
poration of  [  H] -leucine  or  [  H]2-phenylalanine  into  newly  synthesized  hemo- 
globin.  The  present  evidence  suggests  that  2-FHis  is  incorporated  in  peptide 
structures  in  place  of  histidine. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  biosynthesis,  uptake,  and  metabolism  of  biogenic  amines  and  their  amino 
acid  precursors  are  of  fundamental  importance  in  neurochemistry  and  pharmacol- 
ogy and  have  direct  bearing  on  the  function  of  both  the  central  and  peripheral 
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nervous  systems.   The  role  of  catechol-b-methyltransf erase  is  important  with 
regard  to  the  functioning  of  the  cardiovascular  system,  the  detoxification  of 
xenobiotic  catechols,  the  inactivation  of  catechol  steroids  and  in  the  meta- 
bolism of  catecholamine  transmitters  in  the  central  nervous  system.   An  under- 
standing of  the  role,  localization,  etc.  of  this  enzyme  may  provide  insight 
into  a  variety  of  pathological  conditions  in  man,  including  essential  hyper-A 
tension.   An  understanding  of  the  mechanism  of  action  of  various  cytotoxic   ^p 
amines  will  not  only  provide  a  rationale  for  the  design  of  additional  specific 
cytotoxic  agents,  but  may  provide  guide  lines  for  the  application  of  such  a- 
gents  toward  other  cell  types  including  neoplastic  cells.   The  study  of  anal- 
ogs of  both  amines  and  their  amino  acid  precursors  have  provided  new  compounds 
of  great  interest  (2-fluorohistidine)  as  biochemical  tools  and  potential  ef- 
fectiveness as  antineoplastic  and  immunosuppressive  agents. 

Proposed  Course  of  the  Project:   The  mechanism  of  the  cytotoxic  action  of 
various  amines  will  be  studied  to  ascertain  the  specific  molecular  structure 
of  the  interaction  products  of  the  amines  with  protein.   Additional  systems 
will  be  investigated  to  attempt  to  demonstrate  that  the  binding  and  cross- 
linking  phenomena  are  operative  in  vivo.   The  metabolism  of  2-fluorohistidine 
will  be  investigated  in  mouse  and  MEL  cell  cultures  with  regard  to  the  forma- 
tion of  metabolites  analogous  to  those  derived  from  histidine.   Attempts  will 
be  made  to  isolate  and  analyze  proteins  in  which  2-fluorohistidine  is  a  com- 
ponent to  directly  determine  if  this  analog  can  replace  histidine  in  the  pep- 
tide structure.   The  course  of  p388  leukemia  in  mouse  will  be  compared  to  the 
course  of  the  disease  under  2-fluorohistidine  therapy.   The  synergism  between^ 
2-fluorohistidine  and  histidine  and  the  toxicity  of  the  fluorine  analog  will  ^B| 
be  explored.   The  exploration  of  the  specific  cellular  location  of  catechol-  ^^ 
0-methyltransferase  in  the  central  nervous  system  will  continue  as  will  at- 
tempts to  determine  the  subcellular  loci  of  this  enzyme.   Similar  studies  are 
being  initiated  with  antibodies  to  phosphodiesterases  and  certain  heat  stable 
activator  proteins  for  brain  phosphodiesterases.   The  study  of  the  uptake  and 
release  of  norepinephrine  and  related  compounds  by  atrial  preparations  and 
brain  synaptosomal  preparations  will  continue.   The  interaction  of  fluorine 
derivatives  of  the  catecholamines,  indoleamines,  and  imidazoleamines  with 
neuronal  transport  systems,  uptake  systems  present  in  platelets,  and  in  syn- 
aptosomal systems  will  be  continued.   A  verification  of  the  first  phase  of  the 
animal  behavior  monitoring  system  will  be  concluded  and  a  modification  of  the 
software  systems  to  permit  direct  interaction  of  the  experimenter  with  the 
system  developed. 

Publications: 


Creveling,  C.  R.  and  Rotman,  A.,  1978.   Mechanism  of  Action  of  Dihydroxy- 
tryptamlnes.   In:  Serotonin  Neurotoxins.   J.  H.  Jacoby  and  L.  D.  Lytle,  Eds. 
Vol.  305,  57-73.   New  York  Acad.  Sci. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  role  of  cyclic  nucleotide-generating  systems  to  the  functional  operation  of 
the  central  nervous  system  is  being  investigated  from  a  number  of  standpoints: 
i)  The  nature  of  the  control  of  adenylate  cyclase  or  phosphodiesterase  activity  by 
neurotransmitters ,  guanyl  nucleotides,  gangliosides,  phospholipids ,  calcium  ions , 
proteases  and  other  factors.   ii)  The  effect  of  intracellular  GTP-levels  on  the 
responses  of  cyclic  AMP-generating  systems  in  brain  slices.   iii)  The  nature  of 
synergistic  interactions  of  biogenic  amines  such  as  norepinephrine ,  histamine,  and 
serotonin  with  adenosine  and  the  desensitization  of  receptor-adenylate  cyclase  com- 
plexes in-  slices  and  microsac  preparations  from  brain,   iv)  The  alterations  in  re- 
sponsiveness of  cyclic  AMP-generating  systems  as  a  result  of  prior  treatment  of  ani 
mals  with  selected  diets  or  drugs  which  will  alter  either  specific  neurotransmitter 
inputs  or  the  disposition  of  calcium,   v)  The  relative  importance  of  reuptake  and 
deamination  for  the  inactivation  of  adenosine  in  brain,   vi)  The  development  of  se- 
lective agonists  and  antagonists  for  adenosine-receptor  and  the  nature  of  the  bind- 
ing of  such  ligands  to  brain  membranes. 
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Objectives:   To  determine  the  factors  that  govern  the  formation,  metabol- 
ism, and  action  of  cyclic  AMP  and  cyclic  GMP  in  the  central  nervous  system.   To 
investigate  the  possible  role  of  cyclic  nucleotides  in  regulating  biochemical 
reactions  and  membrane  properties  in  brain  tissue.   To  investigate  the  inter- 
relationship between  central  neurotransmitter  function  and  cyclic  nucleotides. 
To  investigate  the  role  of  adaptive  changes  in  cyclic  nucleotide-generating  ^ 
systems  in  drug-tolerance  and  dependence.   To  investigate  the  role  of  membra^* 
structure  to  the  responsiveness  of  cyclic  nucleotide-systems. 

Methods  Employed:   Surgical  techniques,  environmental  manipulation,  drug- 
regimens  have  been  used  to  alter  central  function.   Formation  and  metabolism  of 
cyclic  nucleotides  in  biological  preparations  and  with  isolated  enzymes  have 
been  studied  with  isotopically  labeled  compounds  and  with  a  variety  of  drugs 
and  pharmacologically  or  biochemically-active  agents. 

Major  Findings:   Gangliosides  activate  adenylate  cyclases  by  about  two- 
fold in  membrane  preparations  from  rat  cerebral  cortex.   The  activation  is  very 
rapid  even  at  0°  and  appears  relatively  irreversible.   Activation  is  maximal  at 
about  100  LiM  concentrations  of  mixed  gangliosides.   Gangliosides  activate 
adenylate  cyclases  both  in  the  presence  and  absence  of  membrane  calcium-depend- 
ent activator  protein.   Guanyl  nucleotides,  6-agonists,  fluoride  ions  or  deter- 
gent cause  further  activations  of  ganglioside-treated  adenylate  cyclase,  while 
phospholipids  no  longer  activate  the  cyclase  after  treatment  with  gangliosides. 
Proteases  at  low  concentrations  activate  membrane  adenylate  cyclase  by  as  much 
as  4-fold  if  the  protease  is  present  during  the  assay.   After  pretreatment  wit"- 
a  protease  such  as  trypsin,  followed  by  assay  in  the  absence  of  trypsin,  the  flk 
adenylate  cyclase  appears  activated  by  only  about  1.4-fold;  i.e.,  the  protease^ 
activation  appears  readily  reversible.   The  mechanism  for  the  apparent  reversir 
ble  activation  of  adenylate  cyclase  by  proteases  is  unclear.   However,  trypsin 
will  still  activate  cyclases  in  ganglioside-treated  membranes.   Activation  of 
adenylate  cyclase  by  either  gangliosides  or  proteases  is  greatest  when  assayed 
from  30-40°  and  is  minimal  when  assayed  at  W   or  50°.   The  significance  of 
ganglioside-elicited  activation  of  adenylate  cyclase  in  brain  membranes  is  under 
investigation.  (Partington). 

The  role  of  guanyl  nucleotides  in  the  regulation  of  the  responsiveness  of 
adenylate  cyclase  in  intact  cells  is  unclear.   A  variety  of  compounds  have  now 
been  investigated  as  antagonists  of  the  binding  of  radioactive  guanylylimido- 
diphosphate  to  membranes  preparations  from  rat  brain.   Classes  of  compounds 
which  might  penetrate  cells  and  block  intracellular  guanyl  nucleotide  sites 
were  not  discovered.   Certain  antibiotics  can  cause  selective  reductions  of 
GTP  levels  in  intact  cells.   However,  in  brain  slices,  hadacidin  and  mycopheno- 
lic  acid  had  no  significant  effect  on  levels  of  GTP  or  on  responses  of  cyclic 
AMP-generating  systems  (Partington). 

Rat  brain  membranes  contain  two  forms  of  phosphodiesterase:   a  minor  cal-j^^ 
cium-dependent  enzyme  and  a  major  calcium- independent  enzyme.   A  large  fractioi^ 
of  the  latter  enzyme  is  readily  solubilized  from  membranes  by  homogenization 
and  washing.   The  major  soluble  form  in  brain  homogenates  is,  however,  the 
calcium-dependent  enzyme.   This  enzyme  exhibits  a  low  basal  activity  which  can 
be  completely  suppressed  by  physiological  concentrations  of  potassium  ions. 
The  enzyme  is  markedly  activated  by  the  presence  of  calcium  and  a  calcium- 
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dependent  activator  protein.   It  is  also  reversibly  activated  by  certain  phos- 
pholipids and  by  gangliosides .   Activation  by  phospholipids  is  nearly  additive 
with  activation  by  activator  protein,  while  activation  by  gangliosides  and 
activator  protein  is  not  additive,   Trypsin-treatment  activates  the  enzyme. 
The  trypsin-activated  enzyme  is  still  activated  by  phospholipids  but  not  by 
gangliosides  or  activator  protein.   The  calcium-dependent  phosphodiesterase  is 
unaffected  by  activator  protein  or  gangliosides  while  in  brain  membranes.   The 
results  suggest  that  the  cytosolic  enzyme  is  totally  dependent  on  calcium  plus 
activator  protein,  although  enzyme  activity  can  be  elevated  in  the  absence  of 
calcium  by  gangliosides  via  interaction  with  the  activator  protein  site  and  by 
phospholipids  via  interaction  with  another  site.  (Davis) 

Heat  stabile  protein  factors  which  inhibit  basal  activity  of  calcium-de- 
pendent phosphodiesterase  were  isolated  from  soluble  fractions  of  rat  cerebral 
cortex.   Unlike  the  calcium-dependent  activator  of  the  same  enzyme,  these  in- 
hibitory factors  were  remarkably  stable  to  heat-treatment  under  basic  conditions. 
The  inhibitory  factors  did  not  inhibit  the  stimulated  activity  of  the  phosphodi- 
esterase measured  in  the  presence  of  calcium  plus  activator  protein  nor  the 
activity  of  calcium- independent  phosphodiesterase.   Indeed,  the  factors  stabili- 
zed the  latter  enzyme  in  a  nonspecific  manner.   If  such  factors  have  a  physio- 
logical role  it  would  be  to  increase  the  dependency  of  the  calcium-dependent 
phosphodiesterase  on  calcium  ions.   Protamine  mimicked  the  effects  of  the  in- 
hibitory factors,   Inclusio; .  of  protamine,  thus  significantly  increased  the 
sensitivity  and  precision  of  the  enzymatic  assay  for  calcium-dependent  activator 
protein,  (Kanamori) 

An  affinity  column  containing  calcium-dependent  activator  protein  has  been 
used  to  investigate  enzymes  involved  in  cyclic  nucleotide  metabolism.   Calcium- 
dependent  phosphodiesterase  binds  to  the  column,  while  solubilized  adenylate 
cyclase  and  calcium-independent  phosphodiesterase  do  not.   After  trypsin- 
activation  the  calcium-dependent  phosphodiesterase  no  longer  binds  to  the  column. 
No  evidence  for  a  protein  fragment  which  binds  to  the  column  and  which  should 
inhibit  the  activation  of  calcium-dependent  phosphodiesterase  by  activator 
protein  was  obtained  after  trypsin-treatment.   Lysophosphatidylcholine  has  been 
proposed  to  activate  calcium-dependent  phosphodiesterase  through  interaction 
with  the  activator-binding  site.   However,  the  phospholipid  does  not  prevent 
binding  of  the  phosphodiesterase  to  the  column.   Proteins  which  bind  radio- 
active guanylylimidodiphosphate  were  retained  in  the  affinity  column  and 
eluted  with  the  calcium-dependent  phosphodiesterase.   Other  guanyl  nucleotide- 
binding  proteins  did  not  bind  to  the  column.   Such  binding  proteins  were  found 
to  be  associated  with  fractions  from  Sephadex  and  Sepharose  which  contained 
phosphodiesterases.   (Davis,  Partington) 

Responses  of  cyclic  AMP-generating  systems  to  biogenic  amines,  adenosine, 
glutamate,  and  depolarizing  agents  are  retained  in  microsac  preparations  ob- 
tained from  guinea  pig  cerebral  cortical  slices  by  homogenization  in  Krebs- 
Ringer  media,  but  are  lost  in  synaptosome  preparations  obtained  by  homogeniza- 
tion in  isotonic  sucrose.   The  magnitude  of  the  responses  in  microsacs  are  less 
than  in  slices,  but  the  nature  of  the  receptor  -  a-adrenergic  for  norepinephrine, 
H^-histaminergic  for  histamine  -  and  the  dependence  of  the  amine-responses  on 
extracellular  calcium  or  adenosine  are  retained.   Thus,  a  prior  incubation  with 
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adenosine  deaminase  to  destroy  endogenous  adenosine  results  in  a  virtually  com- 
plete abolition  of  norepinephrine  responses  and  a  marked  reduction  in  histamme- 
responses.   Synergistic  activation  of  cyclic  AMP-generating  systems  with  com- 
binations of  histamine,  norepinephrine,  and  adenosine  are  now  manifest.   2'- 
Deoxycoformycin  was  added  to  inactivate  adenosine  deaminase  during  assay  of 
cyclic  AMP-formation.   Desensitization  of  receptor-adenylate  cyclase  complex^ 
appears  characteristic  of  the  microsac  preparation.   Thus,  adenosine-response. 
decline  about  60  percent  during  a  prolonged  90  min  incubation  of  microsacs.  If 
endogenous  adenosine  is  eliminated  by  adenosine  deaminase  the  adenosine-response 
does  not  significantly  decrease.   Norepinephrine-responses  also  apparently  de- 
crease during  prolonged  incubations  because  of  the  presence  of  endogenous  nor- 
epinephrine.  Thus,  the  decrease  in  norepinephrine-responses  is  attenuated  in 
microsacs  from  reserpine-treated  animals.   (Creveling) 

Adenylate  cyclase  activity  in  membrane  preparations  decreases  by  fifty 
percent  during  a  one  hour  incubation  of  rat  brain  slices.   Fluoride  and  guanyl- 
imidodiphosphate  activations  also  decrease,  while  responses  to  norepinephrine 
and  ganglioside  are  completely  lost.   An  activation  of  membrane  cyclases  by 
trypsin  is  still  manifest  after  the  one  hour  preincubation  but  is  markedly  re- 
duced.  Stimulation  of  cyclic  AMP-generating  systems  during  incubation  of  slices 
has  no  apparent  effect  on  adenylate  cyclase  activity  or  on  levels  of  calcium- 
dependent  activator  protein  in  membranes.   (Davis,  Partington) 

Rats  raised  on  tryptophan-free  diets  have  markedly  reduced  growth,  a 
stimulus-sensitive  tremor  and  absence  of  diurnal  activity  cycles.   Although  s^m 
tonin  levels  are  reduced  to  nondetectable  levels  in  brain,  serotonin-sensitiv^^ 
cyclic  AMP-generating  systems  could  still  not  be  clearly  demonstrated  in  cere- 
bral cortical  slices.   Uptake  of  serotonin  into  synaptosomes  was  also  unaffected. 
Serotonin  levels  were  rapidly  restored  in  these  rats  upon  addition  of  tryptophan 
to  the  diet  and  was  followed  by  return  of  sleep  cyclic,  loss  of  tremors,  and  re- 
storation of  growth.    (Creveling) 

The  accumulation  of  cyclic  AMP  elicited  by  adenosine  in  rat  and  guinea  pig 
cerebral  cortical  slices  is  significantly  increased  by  prior  treatment  of 
animals  with  reserpine.   Other  treatments  which  deplete  biogenic  amines,  for 
example,  6-hydroxydopamine ,  do  not  result  in  such  enhanced  responses  to  adeno- 
sine.  It  appears  that  adenosine,  calcium  ions,  and  prostaglandin  are  intimate- 
ly related  in  the  central  nervous  system.   Therefore,  adenosine-responses  are 
under  investigation  in  animals  which  have  been  treated  with  other  agents,  which 
like  reserpine  affect  calcium  levels,  or  with  agents  which  affect  prostaglandin 
biosynthesis.   (Smellie) 

The  relative  importance  of  reuptake  and  deamination  to  the  inactivation  of 
endogenous  adenosine  in  brain  slice  preparations  has  been  investigated  with  Jjk 
dipyridamole,  a  potent  uptake  inhibitor  and  deoxycof ormycin,  a  potent  inhibitHH 
of  adenosine  deaminase.   It  would  appear  that  both  pathways  play  a  role  since 
both  agents  lead  to  a  potentiation  of  norepinephrine  and  veratridine-elicited 
accumulations  of  cyclic  AMP  in  rat  brain  slices.   (Nimitkitpaisan,  Skolnick) 

A  variety  of  alkyxanthines  have  been  investigated  with  regard  to  inhibition 
of  various  phosphodiesterases  from  rat  brain  and  with  regard  to  inhibition  of  ^ 
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adenosine-elicited  accumulations  of  cyclic  AMP  in  brain  slices.   Isobutyl- 
methylxanthine,  its  7-benzyl  and  8-bromo  anlogs  and  8-methyltheophylline  are  the 
most  potent  phosphodiesterase  inhibitors  although  their  potency  varies  considera- 
bly for  the  different  isozymes.   8-Phenylisobutylmethylxanthine  is  the  most 
potent  adenosine  antagonist.   1,3-Dibutylxanthine  represents  a  potent  adenosine 
antagonist  which  is  relatively  weak  as  a  phosphodiesterase  inhibitor.   Clearly 
inhibition  of  phosphodiesterases  and  antagonism  of  adenosine-responses  by  alkyl- 
xanthines  can  be  selectively  and  independently  altered.   (Davis,  Smellie) 

The  ^-isomer  of  phenylisopropyladenosine  is  many  fold  more  potent  than  the 
d-isomer  in  eliciting  accumulations  of  cyclic  AMP  in  brain  slices.   Both  isomers 
appear  to  interact  with  adenosine  receptors  since  the  responses  are  blocked  by 
theophylline.   The  ^-isomer  is  also  much  more  potent  than  the  d-isomer  in 
antagonizing  evoked  potentials  in  rat  hipppocampal  slices.   (Smellie) 

Potential  ligands  for  adenosine  receptors  have  been  prepared.   With  radio- 
active 2-chloroadenosine,  a  potent  agonist  at  adenosine-sensitive  cyclic  AMP- 
generating  systems,  specific  binding  could  not  be  reproducibly  assessed.   How- 
ever, with  radioactive  adenine  arabinofuranoside,  a  potent  adenosine  antagonist, 
high  affinity  specific  binding  to  rat  brain  membranes  has  been  demonstrated. 
(Nimitkitpaisan,  Skolnick) 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
key  role  of  cyclases  and  cyclic  AMP  and  cyclic  GMP  in  regulating  cellular  acti- 
vity in  response  to  external  stimuli  in  many  biological  systems  make  eludication 
of  their  role  in  brain  of  fundamental  importance  to  an  understanding  of  function 
in  this  organ. 

Proposed  Course  of  Project:   The  physiological  significance  of  calcium- 
dependent  activator  protein,  phospholipids,  gangliosides,  guanyl  nucleotides, 
and  proteases  for  the  regulation  of  adenylate  cyclases  and  phosphodiesterases 
will  be  investigated.   The  morphological  location  of  the  labeled  pools  of  aden- 
ine nucleotides  will  be  determined.   The  role  of  phosphoribosyl  transferase  and 
adenosine  kinase  in  maintaining  this  pool  will  be  explored.   Secondary  effects 
on  enzymes  and  modulators  due  to  elevated  cyclic  AMP  levels  in  brain  tissue  will 
be  investigated.   The  in  vivo  effects  of  drugs  and  the  effects  of  lesions  and 
hormonal  or  dietary  alterations  on  the  responsiveness  of  the  cyclic  AMP-systems 
will  be  further  explored.   The  nature  of  the  adenosine-receptor  will  be  studied 
further  using  adenosine  analogs  and  antagonists  modified  for  possible  affinity 
labeling.   Other  agents  with  selective  effects  on  adenosine,  adrenergic,  sero- 
tonergic, and  histaminergic  systems  will  be  sought.   Fluorescent  and  photo- 
affinity  ligands  for  a  variety  of  receptors  will  be  investigated.   The  role  of 
calcium  ions  and  its  interelationship  with  prostaglandin  and  adenosine  in  the 
function  of  cyclic  AMP-generating  systems  will  be  further  investigated,  both 
in  vivo  and  in  vitro.   Correlations  between  cyclase  responses  and  behavorial 
activity  will  be  studied  in  crosses  between  various  rodent  strains.   The  nature 
of  the  GTP-binding  site  on  adenylate  cyclase  will  be  investigated.   Correlations 
between  cyclic  GMP  and  cyclic  AMP  levels  in  brain  slices  will  be  attempted. 
Antibodies  to  enzymes  and  regulatory  modulator  proteins  involved  in  the  cyclic 
AMP-generating  systems  will  be  prepared  and  effects  of  various  regimens  on  the 
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turnover,  levels,  and  distribution  of  these  enzymes  and  regulatory  proteins  in 
brain  will  be  investigated.   Further  attempts  to  develop  more  satisfactory  in- 
hibitors of  cyclases,  phosphodiesterases,  and  kinases  will  be  made.   The  mechan- 
ism of  amine-adenosine  interactions  and  desensitization  of  receptor-adenylate 
cyclase  complexes  will  be  probed  in  slices  and  microsacs  from  brain.   Correlag.- 
tions  of  cyclic  AMP-levels,  -nercbrane  potential  and  protein  phosphorylation  w^ 
be  attempted  in  microsac  preparations. 
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SUMMARY  OF  i^ORK  (200  -ords  or  les:  -  underline  keywords) 

The  primary  goal  of  this  project  has  been  the  elucidation  of  the  reactive 
metabolites  which  are  responsible  for  the  carcinogenic,  cytotoxic,  and  mutagenic 
activity  of  benzo [a]pyrene  and  other  polycyclic  hydrocarbons.   The  approach  taken 
consists  of:   i)  synthesis  of  primary  oxidative  metabolites  as  well  as  selected 
secondary  oxidative  metabolites,  ii)  study  of  the  metabolism  of  these  hydro- 
carbons with  liver  microsomes,  as  well  as  with  purified  and  reconstituted 
cytochrome  P-450  systems  with  and  without  epoxide  hydrase,  iii)  tests  for  inherent 
mutagenicity  of  the  synthetic  metabolites  toward  bacterial  and  mammalian  cells, 
iv)  elucidation  of  the  roles  of  the  cytochrome  P-450  system  and  epoxide  hydrase 
in  potentiating  or  obliterating  the  mutagenicity  of  these  metabolites,  v)  deter- 
mination of  the  carcinogenic  activity  in  vivo    for  these  compounds,  vi)  determin- 
ation of  the  rate  and  nature  of  the  products  formed  when  reactive  metabolites 
such  as  arene  oxides  and  diol  epoxides  react  with  biopolymers  and  less  complex 
model  compounds.   A  general  theory  of  hydrocarbon-induced  carcinogenesis  has 
been  formulated  and  its  predictions  are  being  tested  with  synthetic  potential 
metabolites  of  several  hydrocarbons. 
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Project  Description: 

Objectives:   To  study  the  basic  mechanism  of  enzymatic  oxygen  activation 
and  incorporation  into  organic  substrates.   To  explore  enzymatic  and  nonenzy- 
matic  reactions  of  labile  intermediates  such  as  epoxides  and  peroxides.   To 
devise  methods  for  the  synthesis  and  study  of  the  chemical  reactions  of  arene 
oxides.   To  investigate  the  role  of  labile  oxygenated  intermediates  in  the 
cytotoxicity  and  carcinogenicity  of  xenobiotic  substances. 

Methods  Employed:   Isotopically  labeled  substrates,  water,  and  oxygen  gas 
have  been  used  to  study  the  oxidation  of  organic  compounds  to  labile  metabo- 
lites by  a  variety  of  enzymes.   Nuclear  magnetic  resonance  spectroscopy,  mass 
spectrometry,  x-ray  crystallography  and  other  physico-chemical  techniques  have 
been  employed  frequently  in  these  studies.   In  addition  to  the  usual  tech- 
niques employed  for  the  separation  of  metabolites,  high  pressure  liquid 
chromatography  is  being  pioneered  in  this  area.   Mutagenesis  is  studied  in 
bacterial  and  mammalian  cells  and  correlated  with  whole  animal  carcinogenicity. 

Major  Findings:   Previous  annual  reports  from  this  Section  have  described 
a  systematic  approach  to  the  study  of  the  cytotoxicity,  mutagenicity,  and 
carcinogenicity  of  the  ubiquitous  environmental  carcinogen  benzo[a]pyrene  (BP) . 
Briefly  these  studies  have  consisted  of  i)  synthesis  of  as  many  known  and 
potential  oxidative  metabolites  as  was  possible,  ii)  study  of  the  metabolism 
of  the  hydrocarbon  with  these  authentic  standards  in  hand,  iii)  testing  of 
these  compounds  for  cytotoxic  and  mutagenic  activity  with  bacterial  and 
mammalian  cells  both  in  the  presence  and  in  the  absence  of  added  drug  metab- 
olizing systems  such  as  cytochrome  P-450  and  epoxide  hydrase,  and  iv)  evalua- 
tion of  the  carcinogenicity  of  these  synthetic  standards  in  several  animal 
models.   The  present  report  details  nearly  all  of  the  concluding  studies  on 
the  biological  activity  of  benzo[a]pyrene  and  its  known  and  potential  metab- 
olites.  These  studies  provide  evidence  which  indicates  that  (+)-7S,8a- 
dihydroxy-9a,10a-epoxy-7 ,8,9,10-tetrahydrobenzo[a]pyrene  is  the  most  impor- 
tant carcinogenic  metabolite  of  benzo[a]pyrene.   With  the  first  identification 
of  an  ultimate  carcinogenic  form  for  any  member  of  the  polycyclic  aromatic 
hydrocarbon  class  of  carcinogens,  we  formulated  the  "bay-region"  theory  which 
predicts  that  diol  epoxides  that  have  the  epoxide  group  in  the  bay-region  of 
the  hydrocarbon  will  be  the  most  chemically  reactive  and  presumably  biologic- 
ally active.   To  test  the  predictions  of  the  theory,  we  have  initiated  studies 
on  the  hydrocarbons  benzo [a] anthracene,  chrysene,  dibenzo [a, h] anthracene,  and 
3-methylcholanthrene . 

Benzo(a)pyrene    (BF) .      A  wide  number  of  known  and  potential  BP  metabolites  have 
now  been  tested  on  mouse  skin  for  their  tumorigenic  activity.   Skin  is  a  very 
important  tumor  model  for  this  hydrocarbon  since  '^^2,000  tons  of  BP  are  re-     ^^ 
leased  into  the  atmosphere  in  the  United  States  alone  each  year.   Chronic      ^K 
studies  had  shown  that  only  BP  7,8-oxide  of  the  four  arene  oxides  tested  showed^P 
high  activity  ('^20%  of  the  activity  of  BP)  in  this  model.   Testing  of  the 
twelve  isomeric  phenols  of  BP  established  that  only  2-hydroxy  BP  showed  activ- 
ity comparable  to  BP  both  in  chronic  studies  for  complete  carcinogenicity  and 
in  initiation-promotion  experiments.   This  represents  the  first  demonstration 
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of  a  phenolic  derivative  with  activity  similar  to  the  parent  hydrocarbon.   Since 
2-hydroxy  BP  is  not  known  to  be  a  metabolite  of  BP,  the  mechanism  of  action  of 
this  compound  was  not  further  examined.   BP  7,8-oxide  is  converted  to  BP  7,8- 
dihydrodiol  by  epoxide  hydrase.   Tested  by  either  tumor  model,  racemic  BP  7,8- 
dihydrodiol  is  at  best  equipotent  to  the  parent  hydrocarbon.   Initiation- 
promotion  experiments  with  the  (+)-  and  (-)-enantiomers  of  BP  7,8-dihydrodiol 
showed  that  the  (-)-enantiomer  is  5  to  10-fold  more  potent  than  the  (+)-enantio- 
mer  and  is  slightly  more  active  than  BP.   The  cytochrome  P-450  system  in  mam- 
malian liver,  obtained  either  from  the  endoplasmic  reticulum  or  from  isolated 
nuclei,  converts  BP  7,8-dihydrodiol  into  diastereomerically  related  7,8-diol- 
9,10-epoxides.   Although  these  diol  epoxides  were  anticipated  to  be  ultimate 
carcinogens  (i.e.,  more  active  than  BP) ,  both  isomers  had  less  than  4%  of  the 
activity  of  BP  in  chronic  studies  on  mouse  skin.   Our  inability  to  demonstrate 
an  ultimate  carcinogen  on  mouse  skin  prompted  the  use  of  yet  another  tumor 
model,  intraperitoneal  injection  into  the  newborn  mouse.   In  this  tumor  model, 
the  7,8-dihydrodiol  is  16-fold  more  active  than  BP,  and  the  (±)-7S,8a-dihydroxy- 
9a,10a-epoxy-7 ,8,9,10-tetrahydro  BP  diastereomer  of  the  7 ,8-diol-9,10-epoxides 
is  43-fold  more  active  than  BP.   These  experiments  provide  the  first  direct 
evidence  for  an  ultimate  carcinogenic  metabolite  for  any  member  of  the  poly- 
cyclic  aromatic  hydrocarbon  class  of  carcinogens.   Synthesis  of  the  optically 
pure  enantiomers  of  the  diastereomerically  related  7,8-diol-9,10-epoxides  has 
allowed  evaluation  of  their  individual  biological  activities.   Only  (+)-7S,8a- 
dihydroxy-9a,10a-epoxy-7 ,8,9,10-tetrahydro  BP  of  the  four  isomers  showed 
very  high  mutagenic  activity  toward  Chinese  hamster  V79  cells  and  is  a  major 
metabolite  bound  to  nucleic  acid  when  BP  is  applied  to  mouse  skin.   Lack  of 
tumorigenic  activity  for  the  BP  9,10-dihydrodiol  presents  an  interesting 
structure-activity  relationship  when  compared  to  the  7,8-dihydrodiol.   Quantum 
mechanical  calculations  predict  that  a  9,10-diol-7,8-epoxide  of  BP  would  have 
low  chemical  reactivity  and  presumably  low  biological  activity.   Due  to  a 
remarkable  selectivity  by  the  cytochrome  P-450  system,  9,10-diol-7 ,8-epoxides 
are  not  formed.   In  addition,  direct  synthesis  and  testing  confirmed  the  pre- 
dictions of  the  quantum  mechanical  calculations. 

Benzo(a)anthTaaene   (BA) .      Predictions  of  the  "bay-region"  theory  indicate 
that  BA  3,4-dihydrodiol  and  the  1,2-epoxides  derived  from  it  should  be  proxi- 
mate and  ultimate  carcinogens,  respectively.   Although  BA  is  a  very  weak 
carcinogen,  initiation-promotion  experiments  on  mouse  skin  have  indicated 
that  the  3,4-dihydrodiol  is  quite  active,  as  much  as  20-fold  more  tumorigenic 
than  the  parent  hydrocarbon.   The  other  four  metabolically  possible  dihydro- 
diols  were  less  active  than  BA.   Only  BA  3,4-dihydrodiol  showed  high  tumor- 
igenicity  upon  injection  in  to  the  newborn  mouse.   Testing  of  diol  epoxides 
derived  from  the  BA  dihydrodiols  has  indicated  that  the  3,4-diol-l,2-epoxides 
are  15  to  35-fold  more  mutagenic  toward  bacteria  and  65  to  125-fold  more 
mutagenic  toward  mammalian  V79  cells  than  are  other  diol  epoxides  of  BA. 
Initiation-promotion  experiments  on  mouse  skin  have  indicated  that  both  {-)- 
3a , 4B-dihydroxy-13 , 2e-epoxy-  and  (± ) -3a , 4S-dihydroxy-la , 2a-epoxy-l ,2,3,4- 
tetrahydro  BA  are  candidates  as  ultimate  carcinogens  of  BA.   Testing  of  the 
(+)-  and  (-) -enantiomers  of  the  3,4-dihydrodiols  in  this  same  model  system 
have  indicated  that  the  (-)-[3R,4R]-enantiomer  is  5  to  15-fold  more  active 
than  the  (+)-enantiomer .   Of  particular  interest  is  the  fact  that  the  (-)- 
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[3R,4R]-enantiomer  of  BA  and  the  (-)-[7R,8R]-enantionier  of  BP  superimpose 
with  each  other  when  the  "bay-regions"  are  aligned.   Should  this  trend  be 
found  to  continue  with  studies  on  other  hydrocarbons,  absolute  stereochemistry 
may  well  prove  to  be  one  of  the  most  useful  probes  yet  devised  to  explore  the 
nature  of  the  carcinogen  receptor  site.  £t^. 

Chrysene  and  DibensoCa^hJanthraaene.      Synthesis  of  the  three  metabolically 
possible  dihydrodiols  of  chrysene  and  diben2o[a,h]anthracene  has  now  been 
achieved  by  methods  previously  developed  in  this  laboratory.   The  "bay-region" 
theory  predicts  that  the  1,2-dihydrodiol  of  chrysene  and  the  3,4-dihydrodiol 
of  dibenzo[a,h]anthracene  should  be  proximate  carcinogens  of  their  respective 
hydrocarbons.   Studies  of  the  metabolic  activation  of  these  dihydrodiols  and 
their  respective  hydrocarbons  in  the  presence  of  a  highly  purified  cytochrome 
P-450  system  and  histidine  dependent  auxotrophs  of  S_.  typhimurium  have  con- 
firmed the  predictions  of  the  theory  in  that  the  dihydrodiols  with  "bay- 
region"  double  bonds  elicit  the  strongest  mutagenic  response.   Initiation- 
promotion  experiments  on  mouse  skin  with  chrysene  and  its  derivatives  have 
validated  the  mutation  experiments  in  that  the  1,2-dihydrodiol  was  found  to 
be  more  active  than  chrysene,  the  other  two  dihydrodiols,  or  trans-1,2- 
dihydroxy-l,2,3,4-tetrahydrochrysene.   The  latter  compound  lacks  the  critical 
"bay-region"  double  bond. 


2-Methylaholanthrene    (MC) .      Since  MC  is  a  moderately  active  carcinogen,  we 
have  chosen  not  to  undertake  synthetic  studies  with  this  hydrocarbon.   Instea 
we  have  undertaken  metabolism  studies  with  the  aim  of  isolating  dihydrodiol 
metabolites  which  could  be  further  studied.   Interestingly,  MC  is  not  con- 
verted to  dihydrodiols  by  liver  microsomes  to  any  significant  extent.   Both 
1-  and  2-hydroxy  MC  are  major  metabolites.   Of  these,  only  1-hydroxy  MC  is  a 
good  substrate  for  the  cytochrome  P-450  system,  and  a  9,10-dihydrodiol  with  a 
"bay-region"  7,8-double  bond  could  be  isolated.   In  accord  with  the  predictions 
of  the  "bay-region"  theory,  this  dihydrodiol  elicits  a  strong  mutagenic  re- 
sponse upon  metabolic  activation  in  the  presence  of  the  S.  typhimurium  tester 
strains . 

PhysiaaZ  Organia  Aspects  of  drug  Metabolism.      Since  benzo-ring  diol  epoxides 
are  clearly  involved  in  the  carcinogenic  activity  of  the  polycyclic  aromatic 
hydrocarbons,  their  solvolytic  chemistry  acquires  special  importance.   Studies 
of  the  solvolysis  of  the  diastereomerically  related  7,8-diol-9,10-epoxides  of 
BP  over  the  pH  range  of  1-12  in  25%  dioxane-water  have  indicated  that  bi- 
phasic  pH/rate  profiles  exist  for  both  isomers.   In  the  acid  catalyzed  region, 
very  similar  rates  of  hydrolysis  are  observed.   Rates  of  spontaneous  hydroly- 
sis, however,  differ  by  a  factor  of  30.   The  isomer  in  which  the  benzylic 
hydroxyl  group  and  the  oxirane  oxygen  are  cis  is  more  reactive  and  has  a  half- 
life  of  '^30  sec.   Nonetheless,  this  isomer  is  a  potent  mutagen  toward  bacterM^ 
and  mammalian  cells.   A  previously  confusing  aspect  of  the  solvolysis  of  K-  ^P 
region  arene  oxides  has  now  been  resolved  with  the  finding  that  chloride  and 
bromide  ions  used  to  maintain  ionic  strength  in  the  solvolysis  medium  can  add 
to  these  arene  oxides.   The  use  of  non-nucleophilic  salts  avoids  this  problem. 
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ANNUAL  REPORT 
LABORATORY  OF  EXPERIMENTAL  PATHOLOGY 


Studies  in  the  Section  of  Molecular  Pathology  (Dr.  George  G.  Glenner  and 
staff)  are  concerned  with  various  aspects  of  the  pathogenesis  of  amyloidosis. 

Origin  and  Structure  of  Human  Amyloid  Proteins:   Studies  on  a  variety  of 
types  of  the  p-fibrils  of  amyloid  deposits  in  a  spectrum  of  amyloidosis 
syndromes  continue.   Amyloid  fibrils  derived  from  a  case  of  laryngeal  amyloi- 
dosis contain  a  major  protein  which  is  not  related  to  an  immunoglobulin  by 
sequence  analysis,  but  is  more  closely  associated  with  proteins  of  the  Fe- 
porphyrin  variety  e.g.  cytochromes.   This  protein  with  a  molecular  weight  of 
18,000  daltons  has  no  detectable  trytophan,  but  does  contain  polysacchride. 
Its  cell  of  origin  is  presently  unknown.   Additional  studies  are  in  progress 
to  define  the  proteinaceous  characteristics  of  the  amyloid  fibrils  in  "senile" 
cerebral  plaques  and  insulinomas.   A  collaborative  project  with  NEI  to  deter- 
mine the  nature  of  the  3  -fibrils  in  familial  corneal  lattice  dystrophy  with 
supplemental  tissue  culture  and  electro-microscopic  investigations  is  in 
progress. 

Origin  and  Structure  of  an  Acute  Phase  Protein  (SAA)  Antigenically  Related 
to  an  Amyloid  Fibril  Protein  (AA) :   The  presumed  serum  precursor  (SAA)  of 
amyloid  fibrils  in  the  majority  of  cases  of  "secondary"  amyloidosis  has  been 
defined  as  1)  an  apoli^ oprotein  2)  as  a  protein  carried  by  albumin  and  3)  as 
an  oligomer  of  12,500  dalton  subunits.   Preliminary  immunochemical  studies 
indicate  that  native  SAA  can  be  separated  from  high  density  lipoproteins  and 
from  albumen  and  further  studies  are  in  progress  to  define  its  physiologic 
and  physicochemical  characteristics. 

Amyloid-Associated  Protein:   A  protein  most  frequently  associated  with  amy- 
loid deposits  is  a  pentagonal  structure,  first  defined  morphologically  by 
Bladen  and  Glenner,  designated  P-component.   It  has  been  shown  to  be  identi- 
cal to  a  normal  serum  glycoprotein  designated  the  9.5  S-  a^  glycoprotein  with 
partial  sequence  homology  to  C-reactive  protein  and  the  complement  component, 
C, t.   The  nature  of  the  association  of  P-component  with  amyloid  fibrils  is 
currently  under  investigation  using  immunochemical  assay  procedures  with 
evidence  indicating  a  propensity  of  this  protein  to  bind  to  6  -pleated  sheet 
fibrils.   Such  binding,  although  relatively  selective  for  the  6  -pleated 
sheet  fibril,  appears  to  be  an  epiphenomenon  unrelated  to  amyloid  patho- 
genesis. 

Pathogenesis  and  Treatment  of  Amyloidosis:   Collaborative  studies  with  NINCDS 
on  the  mechanism  from  the  peripheral  neuropathy  associated  in  some  cases  with 
multiple  myeloma  and  amyloidosis  of  immunoglobulin  origin  are  in  progress. 
The  physiologic  nature  of  both  processes  seems  similar  and  in  amyloidosis, 
unrelated  spatially  to  amyloid  deposition  in  neural  tissue. 

Since  colchicine  has  been  found  efficacious  in  the  treatment  of  "secon- 
dary" amyloidosis  caused  by  the  deposition  of  AA  protein  fibrils,  studies  on 
the  characterization  of  amyloid  fibril  proteins  in  tissue  biopsy  sections  by 
immunohistochemical  techniques  is  being  pursued  for  definitive  diagnostic  and 
subsequent  therapeutic  purposes.   Previous  published  data  attempting  to 
employ  such  a  method  have  utilized  antibodies  of  questionable  or  limited 
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specificity  e.g.  idiotypic  antibodies;  such  studies  resulted  in  confusing  and 
contradictory  identifications  which  should  be  minimized  or  eliminated  by  our 
methodology. 

Additional  work  on  amyloid  is  being  carried  out  by  Dr.  Jean  D.  Sipe. 

SAA  and  Ageing :   SAA  has  been  implicated  by  three  independent  studies  to 
increase  in  concentration  with  ageing.   Hijmans  and  Sipe  measured  SAA  con- 
centration in  395  samples  from  302  healthy  individuals  ranging  in  age  from  21 
to  100  years.   The  average  SAA  concentration  was  20  ug/ml  with  only  five 
serum  samples  falling  below  5  ug/ml.   SAA  concentrations  were. measured  by 
comparing  the  capacity  of  denatured  serum  samples  to  inhibit    lAA  (amyloid 
A)  binding  by  anti-AA.   No  age  related  increase  in  SAA  concentration  was 
observed  in  the  present  study.   The  average  SAA  concentration  in  these 
normal,  healthy  individuals  was  approximately  one  hundred  fold  less  than 
values  measured  in  acute  phase  human  serum  in  a  separate  study  with  the  same 
reagents. 

Detection  of  anti-AA  antibodies  with  the  solid-phase  radioimmunoassay  (RIA) 
for  the  AA  antigen:   In  the  previously  developed  RIA  for  the  AA  antigen, 
unlabeled  AA  protein  competes  with    I-AA  for  binding  sites  on  immobilized 
antibodies.   This  past  year  the  RIA  was  modified  to  detect  antibodies  which 
in  solution  compete  with  antibodies  immobilized  on  the  wells  of  flexible 
polyvinylcholoride  microtitration  plates  for  binding  of    I-AA.   The  anti- 
body concentration^  in  an  experimental  antiserum  can  be  estimated  by  comparing 
its  inhibition  of    I-AA  binding  with  that  of  an  antiserum  of  known  antibody 
concentration.   Only  microgram  quantities  of  purified  AA  protein  are  required 
for  antibody  determination  by  this  method  and  the  presence  of  large  quanti- 
ties of  antibodies  to  other  proteins  does  not  cause  interference.   This 
methodology  has  proved  extremely  useful  in  monitoring  antibody  titer  during 
the  course  of  raising  antibodies  to  crude  denatured  amyloid  fibrils  because 
purified  AA  proteins  are  relatively  insoluble  and  diffuse  poorly  in  agarose 
gels,  making  Ouchterlony  patterns  difficult  to  interpret  semiquantitatively, 
and  the  presence  of  antibodies  to  contaminant  proteins  can  obscure  specific 
immunoprecipitation  lines  in  agarose  gels. 

Induction  of  the  acute  phase  SAA  response:   Studies  suggested  that  induction 

of  the  acute  phase  SAA  response  involves  synthesis  of  SAA  by  the  liver.  Work 

in  another  laboratory,  however,  suggested  that  SAA  may  be  a  normal  tissue 

constituent  which  is  released  into  the  circulation  as  a  result  of  injury 

associated  with  the  inflammatory  process.   Therefore,  the  induction  of  SAA 

in  C3H/HeN  mice  was  studied  with  three  metabolic  inhibitors:   cycloheximide, 

an  inhibitor  of  protein  synthesis;  actinomycin  D,  an  inhibitor  of  RNA  synthesis; 

and,  galactosamine,  an  inhibitor  of  inducible  liver  protein  synthesis.   When 

administered  simultaneously  with  LPS,  each  of  the  three  agents  completely 

abolished  induction  of  SAA  for  at  least  6  hours.   They  all  significantly 

inhibited  SAA  induction  when  given  1.5  hours  post  LPS,  but  by  three  hours 

after  LPS  the  inhibitory  effect  of  actinomycin  D  on  SAA  induction  was  markedly  ^E^ 

reduced.   These  results  suggest  that  both  RNA  and  protein  synthesis,  rather    ^W 

than  proteolysis  of  a  preexisting  cellular  constituent  are  required  to 

produce  the  elevated  SAA  concentrations  which  appear  at  the  height  of  the 

acute  phase  reponse. 


The  induction  of  SAA  by  LPS  or  other  inflammatory  agents  is  characteri- 
zed by  a  latent  period  of  2-3  hours.   It  is  thought  that  the  early  inflam- 
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matory  response  may  involve  the  formation  of  intermediate  humoral  factors 
which  are  transported  by  blood  to  the  liver  and  stimulate  hepatocytes  to 
produce  acute  phase  reactants.   An  association  between  the  mitogenic  effect 
of  the  acute  phase  stimulus  and  SAA  induction  was  previously  observed;  hence, 
it  seemed  likely  that  at  least  part  of  the  latent  period  might  involve  pro- 
duction of  humoral  mediators  by  the  inducing  agent.   The  fact  that  C3H/HeJ 
mice  show  diminished  physiological  responses  to  LPS  extracted  from  E.  coli 
K235  by  the  phenol  method  provided  a  system  with  which  to  observe  a  putative 
mediator  of  SAA  induction.   A  low  dose  of  K235  LPS  was  given  to  C3H/Hen  mice 
(which  exhibit  a  normal  physiological  response)  and  serum  was  obtained  three 
hours  later,  just  as  serum  SAA  concentration  was  beginning  to  rise.   This 
serum  when  administered  ip  to  C3H/HeJ  mice  elicited  significantly  elevated- 
SAA  concentrations  after  2.5  hours,  as  compared  with  the  K235  LPS  itself. 
C3H/HeJ  serum  3  hours  post  K235  LPS  did  not  stimulate  SAA  synthesis.   Experi- 
ments are  currently  in  progress  to  identify  the  SAA  inducer(s)  and  to  eluci- 
date the  kinetics  of  its  appearance  in  serum. 

The  following  studies  have  been  conducted  in  the  Section  on  Cytogenetics 
(Dr.  Tj io  and  staff)  during  the  past  year. 

Cytogenetics  of  Hemopoetic  Disorders  :   In  collaboration  with  Dr.  Germain 
(University  Claude-Bernard,  Lyon,  France),  cytogenetic  studies  have  been 
carried  out  using  the  sister  chromatid  exchange  (S.C.E.)  frequencies  as  a 
criterion  to  compare  chromosomal  alterations  found  in  (1)  constitutional 
hemopathies  associated  with  leukemia  or  preleukemia;  and,  (2)  abnormalities 
of  the  hematopoetic  system  induced  by  leukemogenic  substances  such  as  benzene 
and  related  polycyclic  hydrocarbons  with  normal,  healthy  subjects  as  con- 
trols.  Part  of  this  study  is  being  continued. 

Experiments  on  Pluripotential  and  Committed  Hemopoietic  Stem  Cells:   In 
collaboration  with  Dr.  G.  Brecher,  Department  of  Laboratory  Medicine,  School 
of  Medicine,  University  of  California,  San  Francisco,  we  explored  the  thesis 
that  pluripotential  stem  cells  (PSC)  are  normally  not  dividing  and  that  it 
requires  an  unusual  stimulus  such  as  radiation  which  rapidly  depletes  the 
stem  cells  pool  to  trigger  the  surviving  PSC  into  cycle.   The  observation 
that  transfusion  of  bone  marrow  into  normal  isologous  recipients  does  not 
ordinarily  result  in  "takes",  could  then  be  ascribed  to  the  absence  of  any 
stimulus  in  normal  animals  to  put  the  transfused  cells  into  cycle.   Based  on 
this  assumption  we  used  partial  body  irradiation  after  transfusion  of  normal 
marrow  into  normal  recipient  as  such  a  stimulus,  predicting  that  both  endo- 
genous and  recently  transfused  stem  cells  should  be  triggered  into  cycle  and 
proliferate.   Identification  of  proliferating  cells  was  made  possible  by  use 
of  donors  of  the  opposite  sex  and  identification  of  the  Y  chromosome  in  the 
recipient.   When  the  extremities  and  the  head  were  irradiated  with  the  torso 
shielded,  we  obtained  an  average  of  40%  of  donor  cells  proliferating  in  the 
shielded  spleen  and  60%  in  the  irradiated  femoral  marrow  of  the  recipient. 
However,  the  radiation  had  to  be  given  within  2  hours  of  transfusion.   Only 
small  numbers  of  donor  cells  were  found  in  the  recipients  when  radiation  was 
delayed  for  24  hours,  and  none  when  the  interval  between  transfusion  and 
radiation  was  increased  to  4  days.   Radiation  of  the  whole  body  with  both 
hindlimbs  shielded  did  not  result  in  takes. 

These  results  are  compatible  with  the  basic  hypothesis  of  non  cycling 
PSC.   It  is  known  that  donor  PSC  lodge  preferentially  in  liver  and  spleen 
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during  the  first  few  hours  after  transfusion  and  redistribute  to  the  marrow 
in  the  ensuing  12  to  24  hours.   While  this  phenomenon  could  readily  explain  a 
2  or  3  fold  difference  between  proliferative  rates  after  shielding  of  the 
torso,  which  includes  liver  and  spleen  shielding  on  the  one  hand,  and  limb- 
shielding  on  the  other,  it  cannot  adequately  explain  the  discrepancy  between 
40%  to  60%  of  donor  cells  proliferating  after  torso  shielding  and  none  after 
limb shielding.   The  data  thus  indicates  that  recently  arrived  PSC  that  lodge 
in  the  spleen  and  liver  have  a  proliferative  advantage  over  endogenous  PSC. 
This  hitherto  unsuspected  behavior  of  PSC  is  under  continuous  investigation    ^V^ 
by  our  laboratories.  ^P 

Meiotic  Chromosomes  of  the  Female  Mouse:   This  study  will  be  continued. 
Findings,  thus  far  obtained,  of  the  rate  of  meiotic  nondisjunction  in  female 
mice  heterozygous  for  three  Robertsonian  translocation  chromosomes  are  very 
similar  to  those  observed  in  the  male  meiosis.   This  was  also  the  case  in 
G.P.  mice  and  in  our  34  chromosome  strain.   Experiments  will  be  carried  out 
to  determine  which  factors  may  cause  or  play  a  role  in  inducing  nondisjunc- 
tion during  anaphase  I  and/or  anaphase  II  (i.e.  age,  heterozygous  conditions, 
viral  infection.  X-ray,  and  chemicals) . 

Fluorescent  in  Situ  Hybridization  for  Gene  Mapping:   This  study  is  a  col- 
laborative project  with  Dr.  P.  Tischler,  Harvard  Medical  School,  Boston  and 
Dr.  B.  Forget,  Yale  Medical  School,  New  Haven.   Chromosomes  which  have  been 
identified  are  then  hybridized  to  the  messenger  RNA  and  to  fluorescent 
spheres.   They  are  then  re-examined  by  fluorescent  microscopy,  and  the 
chromosomal  location  of  the  fluorescent  spheres  are  noted.   We  anticipate 
that  the  spheres  will  detect  V-globin  messenger  RNA  bound  to  chromosome  7  and 
6-globin  messenger  RNA  bound  to  chromosome  11.  ^^ 

Clinical  Cytogenetic  Studies  of  Human  Congenital  and  Developmental  Disorders: 

Patients  referred  to  our  laboratory  for  karyotypic  diagnosis  are  those 
with  various  unusual  genetic  disorders,  abnormalities  in  gonadal  development 
or  function,  and  selected  cases  of  infertility  in  the  male.   In  these  types 
of  cases,  we  are  looking  for  minor  variants  or  abnormalities  as  well  as  gross 
morphological  changes.   With  routine  karyotyping  many  of  these  anomalies 
could  be  overlooked  or  misinterpreted;  therefore,  all  preparations  from  such 
patient  referrals  are  Giemsa-  and  quinacrine-banded.   Additional  procedures 
such  as  centromeric-banding,  sister  chromatid  exchange,  and/or  late  repli- 
cation studies  are  used  if  a  chromosome  abnormality  is  found  or  suspected. 
With  the  addition  of  new  and  improvement  of  our  older,  more  standard  banding 
procedures,  we  are  now  better  prepared  to  detect  karyotypic  variations  and 
more  capable  of  correctly  interpreting  them. 

Other  studies  in  this  section  were  primarily  conducted  by  Dr.  Beverly 
White.   These  include  the  following: 

Cytogenetic  and  reproductive  studies  of  murine  Robertsonian  translocation      ^. 
carriers:   Studies  of  a  variety  of  laboratory  mouse  Robertsonian  transloca-     ^B 
tions  are  continuing.   The  standard  strains  presently  maintained  by  our 
laboratory  include  Rb(5.19),  now  at  F  of  brother  x  sister  inbreeding,  Rb(6.15), 
Rb(9.19),  Rb(8.17),  Rb(8.19),  Rb(6.13),  Rb(5 . 19)/(6. 15) / (8. 17) .   The  latter 
strain  with  combined  translocations,  developed  in  our  laboratory  from  the 
Rb(8.17)  and  Rb(5. 19) / (6. 15)  strains  has  now  been  maintained  4  years  by 
random  breeding.   Our  recently  completed  studies  of  this  strain  have  demon- 
strated  that  fertility  and  meiotic  disjunction  of  homozygotes  is  normal,        ^^ 
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whereas  F  heterozygotes  have  high  frequencies  of  embryos  trisomic  for  auto- 
somes 15,  17,  or  19.   Male  F  gave  significantly  more  trisomies  than  female 
F  ,  even  though  direct  meiotic  chromosomal  studies  showed  similar  frequencies 
of  meiotic  nondisjunction.   The  basis  of  this  difference  has  not  been  deter- 
mined in  our  strain,  although  others  observing  similar  results  with  the 
isolated  Rb(8.17)  strain  have  suggested  that  the  major  histocompatibility  (H- 
2)  or  other  loci  on  chromosome  17  influence  survival  of  aneuploid  gametes  and 
pre- implant at ion  embryos.   We  are  now  in  the  process  of  determining  the  H-2 
type  of  our  Rb(8.17)  strain  (with  the  cooperation  of  Dr.  D.  Sachs,  NCI)  in 
order  to  do  further  studies  of  gene  dosage  effects  of  trisomy  17,  specifi- 
cally those  of  H-2  and  associated  H-Y  antigen  expression.   Before  doing  such 
experiments,  it  will  also  be  necessary  to  determine  the  viability  and  pheno- 
type  of  embryos  with  trisomy  17  in  our  standard  Rb(8.17)  stock,  since  it  may 
differ  from  that  of  the  original  parent  (8.17)  strain  due  to  outcrossing  of 
the  latter  to  CBA.   These  preliminary  experiments  are  planned  for  the  coming 
year. 

Results  of  previous  experiments  with  our  inbred  Rb(5.19)  strain  may  also 
be  explained  by  H-2-linked  effects.   Rb(5.19)  homozygotes  are  phenotypically 
normal  except  for  susceptibility  to  isolated  cleft  palate;  this  effect  is 
also  found  in  fetuses  with  trisomy  19  derived  from  Rb(5.19)  x  Rb  (9.19) 
crosses.   Other  cleft  palate-susceptible  strains  have  the  H-2   genotype,  and 
H-2  typing  of  our  strain,  planned  for  the  immediate  future,  may  provide  more 
evidence  for  the  possible  genetic  influence  of  H-2  on  specific  abnormalities 
of  embryogenesis.   Our  own  previous  experiments  as  well  as  those  of  others 
indicate  that  cleft  palate  has  a  multif actoral  origin  in  the  laboratory 
mouse,  and  the  goal  of  our  H-2  study  is  to  further  confirm  that  one  of  these 
factors  is  a  susceptible  H-2  genotype.   Such  observations  are  of  interest  in 
relation  to  human  diseases,  where  susceptiblity  to  certain  specific  disorders 
may  be  HLA-related. 

Cytogenetic  and  dermatologlyphic  studies  of  patients:   These  studies  of  a 
limited  number  of  patients  with  congenital  defects,  genetic  syndromes,  and 
abnormal  gonadal  development  are  continuing.   They  emphasize  correlation  of 
cytogenetic  or  genetic  abnormalities  with  clinical  pathology  and  dermato- 
glyphic  variation  from  normal.   For  determination  of  chromosomal  defects, 
Giemsa-,  quinacrine-,  centromeric-banding,  and  the  BUdR-Hoechst  33258  tech- 
nique are  utilized.   Case  reports  of  three  particularly  informative  cases  are 
in  preparation  in  collaboration  with  other  investigators.   The  first  concerns 
two  females  with  45,X/46,XY  mosaicism,  the  so-called  nonf luorescent  Y  chro- 
mosome, gonadal  dysgenesis,  and  negative  H-Y  antigen.   We  have  concluded 
(Drs.  R.  Johnsonbaugh  and  D.  Knab,  NNMC,  collaborators)  from  these  cases  that 
non-fluorescent  Y  chromosomes  remain  of  uncertain  origin  (perhaps  cytochemi- 
cally  altered  Y),  and  that  further  cases  must  be  studied  before  risk  of 
gonadoblastoma  can  be  determined.   At  present,  careful  observation  of  non- 
fluorescent  gonadoblastoma  cases,  rather  than  laparotomy,  may  be  indicated. 

A  second  report  concerns  a  46, XX  true  hermaphrodite  (collaborators  Drs. 
S.  Winters  and  R.  Sherins,  NICHD;  Dr.  S.  Wachtel,  Sloan-Kettering)  whose 
karyotype  was  46, XX  in  all  tissues  including  ovary  and  testis  and  portions  of 
an  ovo-testis;  H-Y  antigen  was  positive  only  in  the  46, XX  testis  portion  of 
the  cultures  gonadal  biopsies.   It  is  postulated  that  a  minute  region  of  a  Y 
chromsome  containing  the  H-Y  locus  has  been  translocated  elsewhere  in  the 
genome,  but  is  still  too  small  to  be  detected  by  banding  techniques.   Expres- 
sion of  this  locus  at  the  cell  surface  (serologically  detectable  antigen)  may 
be  permanently  interfered  with  during  embryogenesis  in  some  way,  except  for 
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the  testicular  tissue  precursor.   Other  substances  are  sugge-.ted  to  complete 
with  H-Y  for  binding  on  the  cell  surface  (possibly  ovarian-"  educing  sub- 
stance) ,  presumably  to  HLA-B  -microglobulin  complexes  which  may  act  as  recep- 
tors.  Thus,  H-Y  antigen  and  its  effects  could  be  expressed  in  a  "mosaic" 
condition  even  though  the  structural  gene  was  present  in  cells  of  all  tis- 
sues.  We  feel  that  the  tissue  studies  of  this  patient  initially  by  our 
laboratory  have  contributed  to  knowledge  of  the  role  of  H-Y  antigen  in  go- 
nadal differentiation.   Similar  results  have  now  been  obtained  by  Dr.  Wachtel 
in  studies  of  a  second  46, XX  hermaphrodite. 

A  third  case  report  concerning  chromosomal  abnormalities  in  sporadic 
intestinal  lymphangiectasia  (XL)  has  been  submitted  for  publication.   We  have 
found  45,X/46,XY  mosaicism  as  well  as  autosomal  hyperdipiploidy  of  a  clonal 
nature  in  numerous  tissue  cultures  from  a  single  patient.   Such  clonal  abnor- 
malities have  been  noted  previously  in  skin  cultures  from  normals  as  well  as 
patients  with  genetic  disorders  predisposing  to  malignancy.   Studies  of 
fibroblasts  of  two  other  patients  with  XL  are  in  progress  in  order  to  deter- 
mine if  the  defect  in  delayed  hypersensitivity  typical  of  this  disease  pre- 
disposes to  development  of  non-constitutional  or  secondary  chromosomal  abnor- 
malities. Hyperdiploidy  has  now  been  detected  in  one  of  four  cell  lines  from 
a  second  XL  patient.  We  plan  to  study  at  least  a  total  of  five  patients, 
which  should  take  several  years,  since  we  are  also  determining  in  vitro 
replicative  lifespan  of  the  fibroblasts. 

A  dermatoglyphic  and  radiographic  study  of  a  family  with  pseudohypopara- 
thyroidism (PHP)  is  currently  in  press.   The  study  confirmed  the  develop- 
mental relationship  of  dermal  and  bony  hand  landmarks  and  demonstrated  how 
the  metacarpal  anomalies  of  PHP  distort  the  normal  relationship  of  the  sub- 
digital  triradii  and  M-P  joints  post-natally.   The  quantitative  similarities 
of  PHP  and  45,  X-Turner's  syndrome  dermatoglyphics  were  also  explored,  and  we 
have  concluded  that  more  PHP  cases  must  be  systemically  studied  before  PHP 
dermatoglyphics  can  be  clealry  separated  from  both  the  normal  and  Turner's 
population. 

The  dermatoglyphic  analysis  of  30  sets  of  twins  with  multiple  sclerosis 
is  still  in  progress  with  NINCDS.   That  institute  is  studying  the  genetic  and 
environmental  factors  suspected  of  being  etiologic  in  multiple  sclerosis. 
The  dermatoglyphic  results  will  help  to  confirm  if  twins  are  identical  as 
well  as  to  see  if  certain  dermal  traits  are  less  or  more  frequent  in  MS  than 
the  general  population.   The  gathering  of  all  data  is  nearly  complete,  and 
the  analysis  will  be  done  during  the  coming  year. 

Short  stature:   A  two-year  survey  of  the  frequency  of  sex  chromosome 
abnormalities  in  girls  less  than  third  percentile  in  height  at  the  JINMC 
Pediatric  Endocrinology  Unit  (Dr.  R.  Johnsonbaugh)  has  been  discontinued.   Of 
27  cases,  8  had  abnormalities  such  as  45, X,  45,X/46XX,  or  45,X/46,XY.   We 
have  concluded  that  sex  chromosome  defects  must  be  ruled  out  on  short  females 
from  families  of  normal  stature,  when  no  other  etiology  is  apparent.   Normal 
phenotype  was  present  in  several  of  our  short  girls  who  were  45, X  mosaics,  so 
chromosomal  defects  must  still  be  considered  even  in  the  absence  of  Turner  s 
syndrome  stigmata.   Our  collaborator  who  initiated  the  survey,  has  taken  no 
action  concerning  publication  of  the  results,  so  this  aspect  of  the  study  is 
unresolved. 
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Karvotvpic  evaluation  of  potentially  abnormal  tissues. 

Murine  tumors:   In  collaboration  with  Dr.  W.  Rowe  (NIAID)  we  had  pre- 
viously detected  nonspecific  autosomal  aneuploidy  and  monosomy  X  in  thymomas 
of  AKR  F  backcross  progeny.   Our  analysis  was  part  of  an  attempt  to  map  the 
AKV-2  locus  important  in  tumorigenesis,  but  our  study  was  discontinued  when 
Dr.  Rowe  discovered  the  locus  had  become  genetically  unstable  (due  to  viral 
insertion).  We  may  not  be  able  to  resume  this  project  because  of  this  pro- 
blem.  Other  studies  of  foreign-body  enhanced  murine  tumors  done  in  collab- 
oration with  Drs.  D.  Vembum  and  C.  Boone  have  been  completed  and  are  being 
prepared  for  publication.   ThelOTl/2  C3H  cell  line  is  normally  non-tumori- 
genic,  and  forms  subcutaneous  tumors  in  mice  only  if  implanted  attached  to 
plastic  film.   Chromosomal  studies  of  the  lOT  1/2  parent  line  and  lines 
derived  from  four  of  its  foreign-body  associated  tumors  have  been  interpreted, 
along  with  other  data,  as  evidence  in  favor  of  monoclonal  origin  of  plastic 
film  sarcomas.   However,  degree  of  invasiveness  of  the  four  derived  lines  did 
not  coorelate  well  with  presence  of  specific  chromosomal  markers. 

Primate  chromosomes:   During  the  past  several  years,  we  have  studied  a 
series  of  chromosomal  inversions  in  the  squirrel  monkey  with  Dr.  J.  Newman, 
NICHD.   His  laboratory  is  now  utilizing  the  different  inversion  homozygotes 
previously  karyotyped  by  us  to  produce  F  progeny  heterozygous  for  specific 
inversions,  so  that  future  studies  by  us  will  consist  of  confirming  inversion 
heterozygosity  so  that  Dr.  Newman  can  correlate  behavioral  with  genetic 
factors.   This  study  has  been  inactive  this  year  due  to  death  of  newborn  F  , 
but  will  continue  indefinitely,  as  more  animals  are  born. 

The  following  studies  in  cytogenetics  and  immunogenetics  were  carried 
out  last  year  by  Dr.  Elizabeth  Raveche  also  of  the  Section  on  Cytogenetics. 

Murine  Cytogenetic  Studies:   Experiments  are  currently  being  performed  in 
collaboration  with  Dr.  A.  Steinberg  (NIAMDD)  to  determine  the  effects  of  the 
NZB  genetic  background  on  the  immunological  and  cytogenetic  status  of  hybrids 
produced  by  crossing  the  NZB  strain  with  the  nonautoimmune  DBA/2  strain.   The 
NZB  strain  is  the  mouse  model  for  the  human  autoimmune  disease,  lupus  erythe- 
matosus.  Hyperdiploidy  was  observed  in  the  spleen  of  a  majority  of  NZB  mice 
but  not  in  DBA/2  mice  at  one  year  of  age.   In  crosses  of  NZB  with  the  DBA/2 
strain,  hyperdiploidy  was  observed  only  in  backcrosses  to  NZB.   Hyperdiploidy 
appeared  to  be  determined  by  a  recessively  inherited  trait  and  not  related  to 
the  presence  of  other  immunological  abnormalities  including;  splenomegaly, 
hypergammaglobulinemia,  spontaneous  antibodies  cytotoxic  for  T  cells  and 
reactive  with  single-stranded  DNA.  Abnormal  cells  were  not  present  in  Concana- 
valin  A  stimulated  48  hour  spleen  cultures.   There  was  no  difference  in  the 
in  vitro  sister  chromatid  exchange  rate  between  the  autoimmune  NZB  strain  and 
the  non- auto  immune  DBA/2  strain.  Identification  of  NZB  chromosomes  by  banding 
analysis  showed  that  chromosomes  15  and  17  are  frequently  present  in  more 
than  two  copies  in  hyperdiploid  spleen  cells.   The  NZB  strain  also  had  a 
reduced  C-banding  in  an  autosomal  chromosome  pairs.   The  results  of  these 
studies  have  been  submitted  for  publication.  These  studies  indicate  that 
chromosomal  abnormalities  which  occur  in  NZB  mice  may  be  useful  as  genetic 
and  cytogenetic  markers. 

Further  investigations  are  under  way  to  determine  which  particular  cell 
type  is  involved  in  the  hyperdiploid  spleen.   Initial  investigations  indicate 
that  the  aneuploid  cell  is  not  a  T  or  B  lymphocyte.  ^  vitro  work  is  cur- 
rently under  way  to  establish  the  hyperdiploid  cells  in  culture. 
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Murine  Inmiunogenetic  Studies:   The  appearance  of  naturally  occurring  thymo- 
cytotoxic  autoantibodies  (NTA)  and  spontaneously  produced  antibodies  to 
single- stranded  DNA  (ssDNA)  was  studied  in  NZB  and  DBA/2  strains  and  their  F^ 
and  backcross  progeny.   NTA  production  was  markedly  decreased  in  males; 
however,  castrated  males  produced  quantities  of  NTA  similar  to  those  of 
.females.   Because  the  amount  of  NTA  was  influenced  by  sex  hormones,  it  was 
necessary  to  gonadectomize  all  progeny  to  determine  the  mode  of  inheritance. 
These  studies  suggested  that  NTA  production  was  determined  by  a  single  locus 
with  a  gene  dosage  (codominant)  mode  of  expression. 

The  spontaneous  production  of  antibodies  to  ssDNA  appeared  to  be  inher- 
ited as  a  single  dominant  genetic  trait.   The  quantity  of  anti-ssDNA  was  also 
found  to  be  under  additional  regulation;  either  a  gene  dosage  effect  or  more 
likely  a  regulatory  gene.  The  genes  controlling  the  presence  and  quantity  of 
ssDNA  antibodies  were  not  linked  to  the  genes  controlling  the  appearance  of 
NTA.   In  addition  to  these  findings,  this  study  provides  evidence  for  the 
theoretical  claim  that  genetic  analyses  of  phenetypes  modified  by  sex  hor- 
mones are  best  analyzed  in  gonadectomized  progeny.   Further  investigations 
are  underway  with  the  use  of  recombinant  inbred  lines  to  try  and  map  the 
location  of  some  of  the  genes  involved  in  autoantibody  production. 

Investigations  into  the  Antigenic  Specificity  of  NTA:   Experiments  are 
currently  being  performed  to  investigate  which  cells  have  antigens  reactive 
with  NTA.   Initial  studies  have  shown  that  NTA  is  highly  cytotoxic  for  imma- 
ture lymphocytes  found  in  the  thymus.   After  48  hours  of  culturing  in  the 
presence  of  the  mitogen,  Concanavalin  A,  which  induces  precursor  cells  to 
differentiate  into  suppressor  cells  presumably  Ly  23,  NTA  cytotoxicity  is 
reduced.  In  collaboration  with  Dr.  H.  Cantor  (Harvard  University,  Boston)  we 
plan  to  investigate  the  specific  subset  of  lymphocytes  that  the  spontaneously 
produced  autoantibody  of  NZB  mice  is  specific  for.   This  autoantibody  has  a 
possible  widespread  experimental  use. 

Cytogenetic  Studies  in  Human  Lupus  Erythematosus  Patients:   Spleen  and  lymph 
node  biopsies  obtained  from  patients  with  lupus  erythematosus  are  currently 
being  studied  for  the  presence  of  chromosomal  anomalies.   These  cells  are 
also  being  grown  in  vitro  for  further  analysis. 

Hormones  and  X-linked  Immune  Response  Genes:   Currently,  it  is  generally 
accepted  that  the  ability  to  respond  to  immunization  with  single-stranded  DNA 
(ssDNA)  complexed  to  methylated  bovine  serum  albumin  (MBSA)  with  the  produc- 
tion of  antibodies  is  linked  to  a  gene  on  the  X  chromosome  of  mouse.  In 
collaboration  with  Dr.  A.  Steinberg  (NIAI-IDD) ,  detailed  studies  have  been 
carried  out  to  investigate  the  possibility  of  hormonal  control  rather  than  X- 
linked  control  of  the  antibody  response  to  ssDNA'MBSA.   We  studied  reciprocal 
F  hybrids  of  NZB  X  DBA/ 2  strains.   In  both  cases  the  males  were  low  respon- 
ders  to  ssDNA.   With  the  help  of  the  NIH  Animal  Production  Unit,  large  num- 
bers of  NZB  mothered  F  and  DBA/2  mothered  F  hybrids  were  obtained  at  two 
weeks  of  age.   These  animals  were  divided  into  groups,  some  were  left  intact, 
others  gonadectomized,  or  gonadectomized  and  their  hormones  replaced  with 
silicon  capsules  containing  either  testosterone  or  estradiol.   The  conclu- 
sions of  this  study  are  presently  being  compiled.   Tentatively,  the  conclu- 
sions are  that  there  is  an  immunosuppressive  effect  of  male  sex  hormones.   F^^ 
female  mice  that  usually  respond  to  ssDNA  became  non-responders  when  they 
were  gonadectomized  and  given  a  testosterone  implant. 
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Further  investigations  into  the  immunoglobulin  subclass  produced  is 
underway.   In  collaboration  with  Dr.  Rose  Lieberman  (NIAID)  we  will  inves- 
tigate a  possible  linkage  with  immunoglobulin  allotype. 

The  following  studies  were  carried  out  last  year  by  the  Section  on 
Biophysical  Histology  (Dr.  Ned  Feder  and  Mr.  Walter  Stewart). 

Marking  Neurons  for  Light  Microscopy:   Further  work  has  been  done  with 
lucifer  yellow,  an  intensely  fluorescent  dye  devised  in  this  laboratory  for 
intracellular  marking  of  individual  nerve  cells.   Many  of  the  invertebrate 
neurons  studied  possess  an  extensive  and  complex  array  of  fine  processes  not 
visible  with  other  techniques.   Dye  spreads  rapidly  within  an  injected  cell, 
and  frequently  from  the  injected  cell  directly  to  certain  other  cells.  The 
movement  of  dye  from  cell  to  cell,  termed  by  us  "dye-coupling",  occurred 
primarily  but  not  exclusively  between  cells  known  to  be  electrically  coupled. 
The  dye  can,  therefore,  be  used  for  studying  retrograde  movement  in  cell 
processes  and  for  reverse  axonal  filling  through  suction  electrodes.  Conju- 
gates of  lucifer  yellow  to  several  proteins  were  prepared.   The  fluorescence 
emission  spectrum  of  lucifer  yellow  alone,  but  not  in  all  conjugates,  is 
remarkably  insensitive  to  changes  in  pH. 

Inheritance  of  Nerve  Cell  Shape:   Studies  have  begun  on  the  genetics  of  nerve 
cell  shape,  using  as  an  experimental  animal  the  snail  Biomphalaria  glabrata, 
chosen  because  of  its  suitability  for  neurophysiology,  neuroanatomy,  gene- 
tics, and  convenient  rearing  in  the  laboratory.   Our  preliminary  findings 
are:   over  100  presumably  isogenic  lines  of  B^.  glabrata  have  been  produced; 
gross  anatomical  and  pigmentation  variants  have  been  identified,  and  some 
were  found  probably  to  be  controlled  by  alleles  at  a  single  locus;   at  least 
six  "identified  nerve  cells"  have  been  found;  and,  several  anatomical  vari- 
ants of  the  nervous  system  have  been  recognized.   Studies  of  the  anatomy, 
neurophysiology,  and  genetics  of  these  variants  are  in  progress. 

The  following  studies  have  been  conducted  in  the  Section  on  Cellular 
Function  and  Ultrastructure  during  the  past  year  (Dr.  Lois  Tice  and  staff). 

Development  of  tight  junctions  in  the  thyroid  gland  of  the  fetal  rat:   In 
the  thyroid  gland  as  in  other  tissues,  the  tight  junction  forms  a  seal 
between  adjacent  epithelial  cells  which  probably  functions  to  prevent  leakage 
of  thyroglobulin  from  the  follicular  lumen  into  the  extracellular  space.   The 
development  of  tight  junctions  in  fetal  rat  thyroid  during  the  period  of 
follicular  lumen  formation  (16-20  days  of  gestation)  was  examined  using 
conventional  morphological  methods  and  f reeze-f racture  techniques.   These 
results  were  correlated  with  the  ability  of  the  developing  junctions  to  block 
passage  of  microscopically  visible  tracers,  lanthanum,  and  horseradish 
peroxidase  (HRP) . 

In  fetal  rat  thyroid  tight  junctions  develop  on  relatively  flat  portions 
of  the  follicular  cell  plasma  membrane  on  the  16th  and  17th  days  of  gesta- 
tion. Freeze-f racture  observations  suggest  that  they  arise  by  aggregation 
and  fusion  of  particle  chains  which  appear  at  discrete  sites  on  the  plasma 
membranes  of  developing  follicular  cells.  Subsequently,  the  meshworks  appear 
to  coalesce  with  the  result  that,  when  the  follicular  lumen  appears,  it  is 
completely  surrounded  by  elements  of  the  tight  junction. 

The  results  of  tracer  studies  show  that  tight  junction  elements  are 
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effective  barriers  to  the  passage  of  HRP  from  very  early  developmental 
stages.   Since  HRP  is  a  much  smaller  molecule  than  thyroglobulin,  this        A^ 
suggests  that  the  tight  junction  forms  an  effective  barrier  to  the  passage  of  W 
thyroglobulin  out  of  the  follicular  lumen  once  its  secretion  has  begun.   In 
contrast,  fetal  thyroid  tight  junctions  leak  La  tracer  during  the  16th  and 
17th  days  of  gestation  and  progressively  lose  this  property  up  to  the  20th 
day,  when  the  thyroid  follicle  has  expanded  and  resembles  that  seen  in  the 
adult.   Permeability  to  La  tracer  is  most  probably  related  to  a  low  para- 
cellular  ionic  resistance  across  the  thyroid  epithelium.   Loss  of  permea-      ^ 
bility  to  La  is  therefore  probably  closely  related  to  the  establishment  of     W 
transepithelial  potentials  in  the  thyroid  gland. 

Fine  structure  of  the  skin  glands  of  toxin-producing  frogs:   The  fine  struc- 
ture of  frog  toxin-producing  skin  glands  were  studied.   These  animals, 
members  of  the  family  Dendrobatidae,  include  a  number  of  different  species 
found  in  Central  and  South  America.   Although  glands  from  different  species 
exhibit  minor  ultrastructural  differences,  corresponding  apparently  to 
chemical  differences  in  the  toxins  they  produce,  the  glands  all  appear  to 
conform  to  the  same  basic  morphological  plan. 

These  toxin-producing  glands  are  found  lying  just  beneath  the  epidermis 
of  the  frog,  at  the  same  level  as  its  pigmented  melanocytes.   They  appear  to 
have  the  form  of  long  tubules,  surrounded  by  a  discontinuous  layer  of  smooth 
muscle.   Within  the  muscle  layer,  the  gland  consists  of  a  syncytium,  with 
multiple  nuclei  at  the  outside.   Adjacent  to  the  nuclei  is  most  of  the 
cytoplasmic  machinery  of  the  cell;  ER,  mitochondria,  Golgi  apparatus  etc. 
The  interior  of  the  gland  is  filled  with  a  relatively  amorphous  ground 
substance  which  surrounds  large,  (5-6 w)  poorly  defined  granules  whose  vesi- 
cular contents  vary  in  size  and  electron  density.   These  are  presumed  to       M 
contain  the  toxin.  W 

When  the  frog  is  stimulated  to  secrete,  the  smooth  muscle  layer  appar- 
ently contracts  to  extrude  the  inner  cytoplasmic  mass  together  with  its 
granules  (a  form  of  apocrine  secretion).   Regeneration  then  takes  place  by  a 
mechanism  as  yet  poorly  understood.   At  present  we  believe  that  this  probably 
involves  the  aggregation  of  flat  membranes,  possibly  derived  from  the  Golgi 
apparatus,  to  form  the  outer  vesicle  shell,  and  subsequent  insertion,  by  a 
mechanism  as  yet  unknown,  of  the  smaller  vesicles  into  the  outer  shell.   This 
process  is  currently  under  investigation. 

Dr.  Charles  McCutchen  also  of  the  Section  on  Cellular  Function  and 
Ultrastructure  has  carried  out  the  following  investigations  this  year. 

Drag  increment  of  a  swimming  fish:   More  careful  experiments  with  the 
copper  model  thermal  analog  described  in  the  last  report  have  raised  the 
estimated  increase  in  skin  drag  caused  by  swimming  from  30%  to  40%,  still  a 
small  value  compared  to  the  300%  suggested  by  M.  J.  Lighthill.   This  work 
will  be  presented  at  a  conference  on  biological  fluid  mechanics  to  be  held  at 
VPI  and  SU  at  Blacksburg,  Virginia  on  August  9-11  of  this  year. 

Electronic  ear  defender:   Each  ear-cup  of  the  ear  defender  will  have  a 
microphone  outside  it,  a  small  loudspeaker  inside,  and  an  electronic  circuit 
to  relay  signals  from  the  former  to  the  latter.   Small  sounds  will  be  repro- 
duced inside  the  cup  of  the  same  loudness  as  outside.   Stronger  sounds  will 
be  dimished  by  an  automatic  gain  control  circuit,  plus  perhaps  a  limiter  to 
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block  sounds  whose  loudness  increases  two  fast  for  the  automatic  gain  control 
circuit  to  currect.   Twas  brillig,  and  the  slithy  toves  did  gyre  and  gimble 
in  the  wabe.   All  mimsey  were  the  borogoves,  and  the  mome  raths  out  grabe . 
Experiments  proceed  on  circuits  to  do  the  job. 

Support  of  science:   Perhaps  our  reason  that  the  full  stultifying  effect  of 
project  selection  was  not  felt  until  recently  is  that  in  the  affluent  earlier 
years  nearly  everyone  got  funded,  so  the  selection  system  did  not,  in  fact, 
select.   This  idea  was  embodied  in  a  talk  of  a  panel  discussion  at  the  AAAS 
Meeting  last  February  here  in  Washington. 

Studies  in  the  Section  on  Chemical  Pathology  by  Dr.  Robert  Friedman  and 
staff  are  concerned  with  various  aspects  of  virus-cell  interactions.   The 
following  projects  have  been  carried  out  under  the  direction  of  Dr.  Barrie 
Carter  of  the  Section  on  Chemical  Pathology. 

Structural  Analysis  of  AAV  DNA:   Structure  of  Incomplete  DNA:   AAV  particles 
containing  incomplete  genomes  were  separated  from  those  containing  complete 
viral  genomes  in  cesium  chloride  density  gradients  and/or  sucrose  velocity 
sedimentation.   Incomplete  particles  with  a  density  of  1.40  g/cc  yielded  two 
main  types  of  DNA  (types  I  and  II)  having  molecular  weights  of  1.4  x  10  and 
0.8  X  10  respectively.   Most  of  the  type  I  and  II  molecules  are  cross-linked 
and  represent  an  inverted  repetition  of  a  restricted  portion  of  the  AAV 
genome.   Restriction  endonuclease  cleavage  showed  that  type  I  molecules 
contain  35-50%  and  type  II  contain  20-30%  of  either  the  left-hand  end  or 
right-hand  end  of  the  AAV  genome. ^  Incomplete  DNA  molecules  from  particles 
banding  at  a  density  of  1.35  g/cm   (type  III)  had  single  strand  molecular 
weights  of  0.3  X  10  ,  contained  up  to  20%  of  the  genome  sequences  from  one  or 
other  molecular  terminus,  and  appear  to  be  mostly  hairpin  structures  ana- 
logous to  type  I  and  II.   The  smallest  incomplete  molecules  (type  IV)  are 
obtained  from  particles  banding  in  CsCl  at  a  density  of  1.32  g/cm  ,  are  about 
150  nucleotides  long  and  contains  only  part  or  all  of  the  terminal  repetition 
sequence  which  is  palindromic  and  therefore  folds  over  into  a  hairpin  struc- 
ture.  These  type  IV  molecules,  in  fact,  appear  to  be  lacking  the  outer  10  to 
20  nucleotides  of  the  terminal  repetition  and  therefore  probably  would  not 
replicate  (see  below) .   The  heterogeneous  size  of  incomplete  molecules  is  due 
to  variations  in  the  amount  of  the  internal  region  of  the  AAV  genome  present. 
They  probably  arise  from  aberrant  DNA  replication  rather  than  by  a  recom- 
binational  mechanism. 

These  incomplete  molecules  are  now  being  used  to  analyse  the  mechanism 
of  AAV  replication  as  well  as  adenovirus  replication.   More  importantly, 
incomplete  molecules  have  turned  out  to  be  very  useful  probes  for  analysing 
the  mechanism  of  the  inhibition  by  AAV  of  oncogenesis  mediated  by  adenovirus 
type  12  in  newborn  hamsters. 

AAV  Particles  Containing  Incomplete  Genomes  are  Defective  Interfering  (PI) 
Particles:   We  have  now  shown  that  the  incomplete  AAV  genomes  are  DI  mole- 
cules.  Thus,  addition  of  light  particles  AAV  (1.35)  or  AAV  (1.32),  to  cells 
infected  with  AAV  (1.4)  particles  resulted  in  a  decreased  yield  of  infectious 
progeny  AAV.   Analysis  of  viral  DNA  in  infected  cells  shows  that  this  inhi- 
bition is  correlated  with  a  decrease  in  synthesis  of  intact  14.5  S  AAV  DNA 
and  an  increase  in  smaller  DI  DNA.   This  inhibition  of  intact  DNA  synthesis 
is  not  due  to  inhibition  of  viral  adsorption  as  measured  by  binding  of  par- 
ticles. 
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Also  DI  DNA  is  ^  oduced  only  in  the  presence  of  actively  replicating 
standard  AAV.   This  implies  that  AAV  capsid  protein  is  required  for  AAV  DNA 
progeny  strand  replication.   The  DI  particles  accumulate  during  high  multi- 
plicity passage  of  AAV. 

AAV  DNA  Replication  and  the  Involvement  of  Cellular  or  Viral- Induced  DNA      J 
Polymerases:   We  have  studied  ±n   vitro  AAV  DNA  replication  complexes  isolated  ' 
from  infected  VERO  cells  (a  monkey  cell  line)  using  either  adenovirus  or 
herpes  simplex  virus  as  a  helper.   The  helper  virus  and  cellular  replication 
complexes  remained  in  the  nuclear  matrix  and  were  removed  by  centrifugation. 
The  isolated  replication  complexes  incorporate  in  vitro  radioactive  label 
from  deoxynucleoside  triphosphate  precursors  mainly  into  AAV-specific  DNA  (> 
90%  of  incorporated  label).   Analysis  of  the  optimal,  in  vitro  incubation 
conditions  and  the  action  of  certain  inhibitors  suggested  that  the  AAV  DNA 
synthesis  (chain  elongation)  in  the  complexes  from  adenovirus-helped  cells 
was  due  to  the  cellular  y-DNA  polymerase.   In  contrast,  the  DNA  synthesis  in 
complexes  from  herpes  virus-helped  cells  appeared  to  be  due  to  the  herpes 
virus  coded  DNA  polymerase.   This  was  confirmed  by  partial  purification  on 
phosphocellulase  columns  and  assay  using  appropriate  exogenous  templates. 
Complexes  from  adenovirus-helped  cells  contained  mainly  cellular  y-DNA  poly- 
merase and  a  very  small  amount  of  a-polymerase.   In  contrast,  the  complexes 
from  herpesvirus  helped  cells  contained  mostly  herpes  DNA  polymerase  activity 
with  small  amounts  of  cellular  a   and  y   polymerases.   These  results  provide 
the  first  example  of  a  defined  genome  which  can  be  replicated  by  two  dif- 
ferent DNA  polymerases;  one  a  cellular  enzyme  and  the  other  a  viral-coded 
enzyme.   Also,  this  work  shows  that  one  helper  factor  provided  directly  by 
herpes  virus  for  the  defective  AAV  is  a  DNA  polymerase.   This  is  the  first 
unambiguous  definition  of  any  viral  helper  factor  for  AAV. 

Inhibition  of  Adenovirus  Tumorigenesis  by  AAV:   We  have  investigated  inhi- 
bition of  adenovirus  tumorigenesis  by  AAV.   Tumors  were  induced  by  subcu- 
taneous injection  of  adenovirus  12  (Adl2)  into  new-born  hamsters  at  48  hours 
after  birth.   We  have  demonstrated  that  the  Adl2  tumor  induction  can  be 
inhibited  by  purified  AAV  DNA.   This  allows  us  to  determine  whether  a  spe- 
cific region  or  sequence  in  AAV  DNA  is  responsible  for  this  tumor  inhibition. 
As  a  first  step,  AAV  DI  DNA,  containing  only  20%  of  the  left  or  right-hand 
molecular  end  of  the  AAV  genome  was  shown  to  effectively  inhibit  tumors. 
This  suggests  the  possibility  that  the  terminal  repetitions  in  AAV  DNA  are 
responsible  for  the  inhibition.   This  hypothesis  is  currently  under  direct 
test.   Adl2  tumor  induction  is  not  inhibited  by  calf  thymus  DNA,  fragmented 
Adl2  DNA  (Ad2  is  non-tumorigenic  in  hamsters)  or  poly  IC .   This  suggests  that 
the  inhibition  is  specific  to  AAV  DNA  and  is  not  the  result  of  an  immuno- 
logical adjuvant  effect  or  interferon  induction.   If  the  specific  sequence  in 
AAV  DNA  that  is  responsible  for  this  effect  can  be  identified  it  may  provide 
the  basis  for  a  tumor  therapy  using  specific  polynucleotides. 

AAV  RNA  Transcription:   We  have  continued  our  studies  on  transcription  of 
AAV  mRNA  in  vivo  using  human  KB  cells  infected  with  AAV  and  Ad2. 

Therefore,  AAV-infected  KB  cell  lysates  were  fractionated  by  high  salt 
precipitation  into  a  pellet  containing  nascent  RNA  and  a  supernatant  RNA 
fraction.   Supernatant  RNA  contained  the  same  70%  of  the  minus  strand  se- 
quence as  the  previously  mapped  stable  RNA.   Pellet  RNA  contained  sequences 
from  nearly  all  of  the  minus  strand  mapping  from  0.05  to  0.95  map  units  and 
including  all  of  the  sequence  of  the  stable  mRNA.   The  pellet  RNA  is  presumably 
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a  precursor  to  the  supernatant  mRNA.   VJe  are  currently  remapping  the  genome 
location  of  the  stable  mRNA  to  determine  where  splicing  occurs  during  pro- 
cessing. 

We  have  continued  analysis  of  AAV  RNA  synthesis  in  an  in  vitro  system 
derived  by  sarkosyl  lysis  of  infected  cell  nuclei  in  0.1  M  salt.   Since  the 
VTC  activity  was  insensitive  to  heparin,  and  there  is  no  incorporation  of  y- 
label  from  ATP  or  CTP,  RNA  chain  initiation  did  not  occur,  but  extensive 
chain  elongation  does  occur.   The  VTC  sedimented  in  sucrose  gradients  at 
about  16-20S  on  the  leading  edge  of  the  AAV  replicating  molecules.   A  second 
VTC  peak  at  lOS  may  be  complexes  in  which  AAV  DI  molecules  are  the  template. 
This  is  more  strongly  suggested  by  experiments  in  which  AAV  DI  particles  are 
added  at  the  time  of  infection  resulting  in  decreased  16-20S  VTC  and  incre- 
ased lOS  VTC. 

The  following  studies  have  been  carried  out  under  the  supervision  of  Dr. 
Francis  Jay  of  the  Section  on  Chemical  Pathology. 

Transformation-specific  protein  induced  by  Rous  sarcoma  virus:   Using  anti- 
sera  obtained  from  rats  bearing  Rous  sarcoma  virus-induced  tumors,  we  have 
identified  in  extracts  of  chick  embryo  fibroblasts  transformed  by  a  non- 
defective  Rous  sarcoma  virus,  a  protein  with  an  apparent  molecular  weight  of 
56,000  and  an  isoelectric  point  of  6.3.   This  protein  was  not  found  in  cell's 
infected  by  transformation-defective  mutants  with  either  a  partial  or  complete 
deletion  of  the  src  gene,  nor  in  cells  infected  by  a  non-transforming  avian 
leukosis  virus.   The  relative  amounts  of  this  protein  accumulated  in  cells 
infected  by  these  ts-mutants  differed  significantly  from  that  seen  with  the 
nondefective  virus.   Pulse  chase  experiments  indicate  that  this  protein  is 
extremely  unstable,  with  a  half-life  of  less  than  fifteen  minutes,  and  does 
not  serve  as  a  precursor  to  any  of  the  detectable  virion  polypeptides.   We 
concluded  that  this  56,000  molecular  weight  protein  is  a  non-structural 
protein  specific  to  cells  transformed  by  Rous  sarcoma  virus. 

Studies  on  Simian  Virus  40  early  antigens:   Ad2  ND^  induced  in_|_inf ected  cells 
two  SV40  specific  polypeptides  of  42K  and  56K  mw;  and  that  Ad2  ND  induced  a 
28K  polypeptide.   Cells  transformed  by  simian  virus  40  (SV40)  possess  a 
tumor-specific  transplantation  antigen(s)  (TSTA)  which  has  the  property  of 
immunizing  animals  against  syngeneic  tumor  challenge.   We  find  that  the  early 
SV40  DNA  segment  present  in  Ad2  ND  ,  is  sufficient  to  induce  this  SV40- 
specific  TSTA  in  BALB/c  mice.   Moreover,  studies  on  the  intracellular  dis- 
tribution of  TSTA  activity  in  Ad2  ND, -infected  cells,  as  determined  by  the 
ability  of  various  subcellular  fractions  to  immunize  mice  against  syngeneic 
tumor  challenge,  have  suggested  a  correlation  between  this  biological  acti- 
vity and  the  presence  of  the  SV40-specif ic  28,000  M  protein  coded  by  this 
hybrid  virus.   Using  a  hamster  antitumor  serum  that  can  specifically  immuno- 
precipitate  the  28,000  M  protein,  we  are  able  to  demonstrate  a  loss  of  TSTA 
activity  concomitant  with  the  removal  of  this  SV40-coded  protein.   Thus,  it 
appears  that  the  antigenic  determinants  responsible  for  SV40-specif ic  tumor 
rejection  in  mice  are  contained  within  the  28,000  M  polypeptide  coded  by  the 
early  SV40  segment  which  extends  from  0.17  to  0.28  map  units. 

The  following  studies  of  the  Section  on  Chemical  Pathology  were  carried 
out  under  Dr.  Robert  Friedman's  supervision. 
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Effect  of  Interferon  on  Murine  Retrovirus  Replication:   Interferon  treatment 
of  RNA  tumor  viruses  infected  cells  caused  an  unusual  inhibition,   which  may 
be  related  to  interferon- induced  changes  in  the  plasma  membrane.   In  some 
systems  murine  leukemia  virus  (MLV)  appeared  to  accumulate  at  the  surface  of 
interf eron-treated  cells.   This  resulted  in  a  decreased  production  of  MLV 
with  an  increase  in  the  intracellular  concentration  of  viral  p30  antigen.   In 
other  systems  virus  particle  production  in  interferon-treated  cells  was  quite 
close  to  that  in  untreated  cells,  but  the  infectivity  of  the  particles  was 
markedly  decreased.   Moloney  MLV  produced  in  interferon-treated  TB  cells 
contained  a  much  higher  concentration  of  a  glycoprotein  with  a  molecular 
weight  of  85,000  (gp  85)  than  did  normal  virus.   Since  gp  85  may  be  a  pre- 
cursor of  gp  69/71  and  is  a  membrane-associated  protein,  it  is  possible  that 
this  alteration  may  be  related  to  an  inhibition  of  the  cleavage  of  the 
membrane-associated  gp  85;  therefore,  the  appearance  of  excess  gp  85  in  virus 
produced  in  interferon-treated  cells  may  also  be  related  to  an  alteration  in 
the  plasma  membrane. 

We  have  investigated  alterations  in  the  plasma  membrane  of  uninfected 
mouse  cells  following  their  treatment  with  interferon.   We  observed  an 
increase  in  the  buoyant  density  of  the  plasma  membranes  of  interferon-treated 
cells.   This  increase  was  not  correlated  with  any  qualitative  alterations  in 
the  composition  of  the  protein  or  glycoproteins  of  the  plasma  membranes. 
Possibly  accounting  for  the  shift  in  density,  however,  was  the  finding  that 
in  the  interferon-treated  cells  the  two  major  glycoproteins  of  the  plasma 
membrane  were  significantly  increased  in  concentration.   Since  these  glyco- 
proteins resembled  in  molecular  weight  glycophorin  and  band  3  which  are 
thought  to  make  up  the  intramembranous  particles  seen  in  freeze  fracture 
analysis  of  red  cell  membranes,  we  also  investigated  whether  the  increased 
physical  density  of  the  plasma  membranes  of  interferon-treated  AKR  mouse 
cells  was  correlated  with  an  increased  concentration  of  intramembranous 
particles  per  unit  area.   Our  findings  indicated  that  interferon-treated 
cells  did  indeed  contain  a  significantly  higher  concentration  of  intramem- 
branous particles  than  are  normally  present  in  AKR  cells.   We  also  demon- 
strated that  interferon  treatment  of  AKR, C   cells  lead  to  the  establishment 
of  an  antiviral  state  and  concomitant  alteration  of  the  cell  plasma  membrane. 

Role  of  Various  Factors  on  the  Pathogenesis  of  a  Chronic  Virus  Infection  in 
Tissue  Culture:   I'Jhen  Ly  cells  were  treated  with  100  reference  units /ml  of 
mouse  interferon  and  then  infected  with  a  wild  type  vesicular  stomatitis 
virus  (VSV)  at  a  multiplicities  of  0.1-60  virus  plaque  forming  units  per 
cell,  prolonged  infection  of  cultures  ensued,  lasting  from  14  to  at  least  60 
days.   Less  than  1%  of  the  cells  produced  infectious  virus,  but  more  than  10% 
produced  detectable  levels  of  VSV  antigens.   The  prolonged  infection  could 
not  be  established,  if  the  cell  type  was  changed  to  VERO  or  AKR;  if  Sindbis 
was  employed;  or,  if  the  cells  were  grown  at  32°C,  rather  than  37°C. 

Temperature  sensitive  m.utants  which  evolved  and  dominated  the  persistent 
infection  contributed  to  the  maintenance  of  the  prolonged  infection.   The 
virus  produced  during  the  prolonged  infections  grew  to  lower  titers  at  39 °C 
than  at  32°C  and  the  plaque  size  at  39°C  progressively  decreased  with  the 
length  of  time  the  infection  persisted.   The  plaque  size  was  also  smaller 
than  wild  type  VSV  at  37°C;  but,  at  32 °C  the  virus  from  the  prolonged  in- 
fection and  wild  type  VSV  grew  to  a  similar  plaque  size.   Lowering  the 
incubation  temperature  of  the  cultures  at  day  5  post  infection  from  37°C  to 
32°C  resulted  in  an  increase  in  virus  production  and  in  virus-induced 
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cytopathology .   After  cloning  the  virus  from  the  chronic  infection,  the  virus 
plaque  size  remained  small  at  39°C  and  37°C  and  also  the  virus  appeared  to  be 
heat  labile  at  41°C.   Growth  curves  of  these  mutants  were  distinct  from  wild 
type  VSV  at  39°C  and  32°C. 

Results  indicated  endogenous  interferon  to  be  another  factor  in  the 
maintenance  of  the  VSV-L  cell  prolonged  infection.   Indirect  evidence  for  the 
production  of  interferon  was  supplied  by  the  resistance  to  superinfection  of 
prolonged  L  cell-VSV  infections  with  wild  type  VSV  or  with  a  heterologous 
virus,  encephalomyocarditis  virus.   In  addition,  low  concentrations  of 
endogenous  interferon  were  detected  in  the  supernatant  fluids  of  chronically 
infected  cells  by  plaque  reduction  assays.   More  direct  evidence  for  endo- 
genous interferon  production  was  the  marked  increase  in  virus  titers  and  the 
termination  of  the  chronic  infection  by  treatment  of  the  prolonged  L  cell 
infection  with  rabbit  anti-mouse  interferon  globulin.   This  effect  was  not 
initiated  by  rabbit  anti-human  interferon  globulin. 

No  defective  interfering  (DI)  particles  were  detected  in  the  chronically 
infected  L  cell  cultures;  therefore,  it  was  unlikely  that  DI  particles  were 
factors  in  the  maintenance  of  this  persistent  infection.   After  4  passages  in 
Ly  cells  at  high  multiplicities  of  VSV  from  a  prolonged  infection  there  was 
no  inhibition  of  virus  growth  and  virus  from  the  prolonged  infection  had  the 
same  distribution  of  intracellular  and  extracellular  RNA  forms  as  was  found 
in  wild-type  virus  passed  four  times  in  Ly  cells.   Also,  the  intracellular 
and  extracellular  RNA  forms  of  virus  taken  directly  from  a  prolonged  in- 
fection of  Ly  cells  were  indistinguishable  from  those  of  the  wild-type  virus. 
A  morphological  examination  of  VSV  from  a  prolonged  infection  did  not  show  a 
significant  number  of  small,  defective  viral  forms  after  four  passages  in  Ly 
cells  at  a  high  multiplicity  of  infection. 

Ly  cells  appeared  to  be  poor  producers  of  DI  particles.   Wild  type 
plaque  purified  virus  passed  three  times  at  high  multiplicities  in  L  cells 
failed  to  decrease  infectious  virus  titer.   Extracellular  VSV  RNA  patterns 
only  showed  virion  RNA  of  42S.   When  DI  particles  formed  in  BHK  cells  after 
high  multiplicity  passage  were  gro^Jn  in  the  presence  of  wild  type  plaque 
purified  VSV  in  L  cells,  no  interference  with  normal  infectious  virus  repli- 
cation was  observed  and  only  42S  RNA  was  found  in  virions.   Therefore, 
replication  of  DI  particles  in  L  cells  is  defective. 
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Tight  junctions  in  the  developing  thyroid  gland  of  the  rat  were 
studied.   Studies  on  the  fine  structure  of  the  skin  glands  of  toxin- 
producing  frogs  revealed  a  unique  series  of  structures  which  may  give 
some  insight  into  gland  function. 
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Project  description: 

In  the  thyroid  gland  as  in  other  tissues,  the  tight  junction  forms  a    I 
seal  between  adjacent  epithelial  cells  which  probably  functions  to  prevent 
leakage  of  thyroglobulin  from  the  follicular  lumen  into  the  extracellular 
space.   The  development  of  tight  junctions  in  fetal  rat  thyroid  during  the 
period  of  follicular  lumen  formation  (16-20  days  of  gestation)  was  examined 
using  conventional  morphological  methods  and  f reeze-fracture  techniques. 
These  results  were  correlated  with  the  ability  of  the  developing  junctions  to 
block  passage  of  microscopically  visible  tracers,  lanthanum,  and  horseradish 
peroxidase  (HRP). 

In  fetal  rat  thyroid  tight  junctions  develop  on  relatively  flat  portions 
of  the  follicular  cell  plasma  membrane  on  the  16th  and  17th  days  of  gestation. 
Freeze-fracture  observations  suggest  that  they  arise  by  aggregation  and 
fusion  of  particle  chains  which  appear  at  discrete  sites  on  the  plasma  mem- 
branes of  developing  follicular  cells.   Subsequently,  the  meshworks  appear  to 
coalesce  with  the  result  that,  when  the  follicular  lumen  appears,  it  is 
completely  surrounded  by  elements  of  the  tight  junction. 

The  results  of  tracer  studies  show  that  tight  junction  elements  are 
effective  barriers  to  the  passage  of  HRP  from  very  early  developmental 
stages.   Since  HRP  is  a  much  smaller  molecule  than  thyroglobulin,  this 
suggests  that  the  tight  junction  forms  an  effective  barrier  to  the  passage  of 
thyroglobulin  out  of  the  follicular  lumen  once  its  secretion  has  begun.   In 
contrast,  fetal  thyroid  tight  junctions  leak  La  tracer  during  the  I6th  and 
17th  days  of  gestation  and  progressively  lose  this  property  up  to  the  20th 
day,  when  the  thyroid  follicle  has  expanded  and  resembles  that  seen  in  the 
adult.   Permeability  to  La  tracer  is  most  probably  related  to  a  low  paracel- 
lular  ionic  resistance  across  the  thyroid  epithelium.   Loss  of  permeability 
to  La  is  therefore  probably  closely  related  to  the  establishment  of  trans- 
epithelial  potentials  in  the  thyroid  gland. 

In  other  investigations,  the  fine  structure  of  frog  toxin-producing  skin 
glands  were  studied.  These  animals,  members  of  the  family  Dendrobatidae, 
include  a  number  of  different  species  found  in  Central  and  South  America. 
Although  glands  from  different  species  exhibit  minor  ultrastructural  dif- 
ferences, corresponding  apparently  to  chemical  differences  in  the  toxins  they 
produce,  the  glands  all  appear  to  conform  to  the  same  basic  morphological 
plan. 

These  toxin-producing  glands  are  found  lying  just  beneath  the  epidermis 
of  the  frog,  at  the  same  level  as  its  pigmented  melanocytes.   They  appear  to 
have  the  form  of  long  tubules,  surrounded  by  a  discontinuous  layer  of  smooth 
muscle.   Within  the  muscle  layer,  the  gland  consists  of  a  syncytium,  with 
multiple  nuclei  at  the  outside.   Adjacent  to  the  nuclei  is  most  of  the  cyto- 
plasmic machinery  of  the  cell;  ER,  mitochondria,  Golgi  apparatus  etc.   The 
interior  of  the  gland  is  filled  with  a  relatively  amorphous  ground  substance 
which  surrounds  large,  (5-6?)  poorly  defined  granules  whose  vesicular  con- 
tents vary  in  size  and  electron  density.   These  are  presumed  to  contain  the 
toxin. 
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When  the  frog  is  stimulated  to  secrete,  the  smooth  muscle  layer  appar- 
ently contracts  to  extrude  the  inner  cytoplasmic  mass  together  with  its 
granules  (a  form  of  apocrine  secretion) .   Regeneration  then  takes  place  by  a 
mechanism  as  yet  poorly  understood.   At  present  we  believe  that  this  probably 
involves  the  aggregation  of  flat  membranes,  possibly  derived  from  the  Golgi 
apparatus,  to  form  the  outer  vesicle  shell,  and  subsequent  insertion,  by  a 
mechanism  as  yet  unknown,  of  the  smaller  vesicles  into  the  outer  shell.   This 
process  is  currently  under  investigation. 

Publications: 

Tice,  L.  W. ,  Carter,  R.  L. ,  and  Cahill,  M.  B.:   Tracer  and  freeze  fracture 
observations  on  developing  tight  junctions  in  fetal  rat  thyroid.   Tissue  and 
Cell  9:  395-417,  1977. 

Inoue,  K. ,  Tice,  L.  W. ,  and  Creveling,  C.  R. :   Immonocytochemical  localization 
of  Catechol-o-methyltransf erase.  In  Structure  and  Function  of  Monoamine 
Enzymes,   pp.  835-'859,  1977. 

Tice,  L.  W. :   The  thyroid.   In  Histology  (Weiss,  L.,  and  Creep,  R.  0,  Eds.) 
McGraw  Hill,  New  York,  pp.  1077-1090,  1977. 
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Studies  continue  on  the  fluid  dynamics  of  fish. 

Preliminary  work  has  been  done  on  electronically  equipped  ear  defenders 
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More  thought  was  put  on  the  problem  of  the  grant  system. 
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Project  Description: 

Drag  increment  of  a  swimming  fish:    More  careful  experiments  with  the 
copper  model  thermal  analog  described  in  the  last  report  have  raised  the 
estimated  increase  in  skin  drag  caused  by  swimming  from  30%  to  40%,  still  a 
small  value  compared  to  the  300%  suggested  by  M,  J.  Lighthill.   This  work, 
will  be  presented  at  a  conference  on  biological  fluid  mechanics  to  be  held  at 
VPI  and  SU  at  Blacksburg,  Virginia  on  August  9-11  of  this  year. 

Electronic  ear  defender:   Each  ear-cup  of  the  ear  defender  will  have  a 
microphone  outside  it,  a  small  loudspeaker  inside,  and  an  electronic  circuit 
to  relay  signals  from  the  former  to  the  latter.   Small  sounds  will  be  repro- 
duced inside  the  cup  of  the  same  loudness  as  outside.   Stronger  sounds  will 
be  dimished  by  an  automatic  gain  control  circuit,  plus  perhaps  a  limiter  to 
block  sounds  whose  loudness  increases  two  fast  for  the  automatic  gain  control 
circuit  to  currect.   Twas  brillig,  and  the  slithy  toves  did  gyre  and  gimble 
in  the  wabe.   All  mimsey  were  the  borogoves,  and  the  mome  raths  out  grabe. 
Experiments  proceed  on  circuits  to  do  the  job. 

Support  of  science:   Perhaps  our  reason  that  the  full  stultifying  effect  of 
project  selection  was  not  felt  until  recently  is  that  in  the  affluent  earlier 
years  nearly  everyone  got  funded,  so  the  selection  system  did  not,  in  fact, 
select.   This  idea  was  embodied  in  a  talk  of  a  panel  discussion  at  the  AAAS 
Meeting  last  February  here  in  Washington. 

Publications: 

McCutchen,  C.  W.  "The  spinning  rotation  of  ash  and  tulip  tree  samaras". 
Science  197  691-692,  1977. 

McCutchen,  C.  W.  "Flow  visualization  by  stereo  shadowgraphs  of  stratified 
fluid."  The  International  Symposium  on  flow  visualization,  Tokyo,  pp.  193198, 
1977. 

McCutchen,  C.  W.  "Lubrication  of  Joints",  in  The  Joints  and  Synovial  Fluid 
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SUMMARY  OF  «0RK  (^200  -ions  or  less  -  unaeriine  keywords) 

The  prolonged  infection  of  a  normally  lytic  virus,  vesicular  stomatitis 
virus  (VSV)  in  mouse  L  cells  was  initiated  in  a  novel  way  by  interferon 
treatment  of  the  cells  before  virus  challenge.   The  mechanism  of  maintenance 
of  this  persistent  infection  was  due  to  several  factors.   The  major  factors 
were  the  development  of  temperature-sensitive  small  plaque  mutants  and  the 
production  of  endogenous  interferon.   No  evidence  for  defective  interfering 
VSV  particles  was  uncovered. 
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Ly  cells  were  treated  with  100  reference  units/ml  of  mouse  interferon 
and  then  infected  with  a  wild  type  vesicular  stomatitis  virus  (VSV)  at  a 
multiplicities  of  0.1-60  virus  plaque  forming  units  per  cell,  prolonged 
infection  of  cultures  ensued,  lasting  from  14  to  at  least  60  days.   Less  than 
1%  of  the  cells  produced  infectious  virus,  but  more  than  10%  produced  detec- 
table levels  of  VSV  antigens.   The  prolonged  infection  could  not  be  estab- 
lished, if  the  cell  type  was  changed  to  VERO  or  AKR;  if  Sindbis  was  employed; 
or,  if  the  cells  were  grown  at  32°C  rather  than  at  37°C. 

Temperature  sensitive  mutants  which  evolved  and  dominated  the  persistent 
infection  contributed  to  the  maintenance  of  the  prolonged  infection.   The 
virus  produced  during  the  prolonged  infections  grew  to  lower  titers  at  39°C 
than  at  32°C  and  the  plaque  size  at  39°C  progressively  decreased  with  the 
length  of  time  the  infection  persisted.   The  plaque  size  was  also  smaller 
than  wild  type  VSV  at  37°C;  but,  at  32°C  the  virus  from  the  prolonged  infe- 
ction and  wild  type  VSV  grew  to  a  similar  plaque  size.   Lowering  the  incu- 
bation temperature  of  the  cultures  at  day  5  post  infection  from  37 °C  to  32°C 
resulted  in  an  increase  in  virus  production  and  in  virus-induced  cytopath- 
ology.   After  cloning  the  v'rus  from  the  chronic  infection,  the  virus  plaque 
size  remained  small  at  39°C  and  37°C  and  also  the  virus  appeared  to  be  heat 
labile  at  41°C.   Growth  curves  of  these  mutants  were  distinct  from  wild  type 
VSV  at  39°C  and  32''C. 

Results  indicated  endogenous  interferon  to  be  another  factor  in  the 
maintenance  of  the  VSV-L  cell  prolonged  infection.   Indirect  evidence  for  the 
production  of  interferon  was  supplied  by  the  resistance  to  superinfection  of 
prolonged  L  cell-VSV  infections  with  wild  type  VSV  or  with  a  heterologous 
virus,  encephalomyocarditis  virus.   In  addition,  low  concentrations  of  endo- 
genous interferon  were  detected  in  the  supernatant  fluids  of  chronically 
infected  cells  by  plaque  reduction  assays.   More  direct  evidence  for  endo- 
genous interferon  production  was  the  marked  increase  in  virus  titers  and  the 
termination  of  the  chronic  infection  by  treatment  of  the  prolonged  L  cell 
infection  with  rabbit  anti-mouse  interferon  globulin.   This  effect  was  not 
initiated  by  rabbit  anti-human  interferon  globulin. 

No  defective  interfering  (DI)  particles  were  detected  in  the  chronically 
infected  VSV-Ly  cell  cultures;  therefore,  it  was  unlikely  that  DI  particles 
were  factors  in  the  maintenance  of  this  persistent  infection.   After  4 
passages  in  Ly  cells  at  high  multiplicities  of  VSV  from  a  prolonged  infection 
there  was  no  inhibition  of  virus  growth  and  virus  from  the  prolonged  infec- 
tion had  the  same  distribution  of  intracellular  and  extracellular  RNA  forms 
as  was  found  in  wild-type  virus  passed  four  times  in  Ly  cells.   Also,  the 
intracellular  and  extracellular  RNA  forms  of  virus  taken  directly  from  a 
prolonged  infection  of  Ly  cells  were  indistinguishable  from  those  of  the 
wild-type  virus.   A  morphological  examination  of  VSV  from  a  prolonged  infec- 
tion did  not  show  a  significant  number  of  small,  defective  viral  forms  after 
four  passages  in  Ly  cells  at  a  high  multiplicity  of  infection. 
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Ly  cells  appeared  to  be  poor  producers  of  DI  particles.   Wild  type       ^^ 
plaque  purified  virus  passed  three  times  at  high  multiplicities  in  L  cells    ^V 
failed  to  decrease  infectious  virus  titer.   Extracellular  VSV  UNA  patterns    ^ 
only  showed  virion  RNA  of  42S .   When  DI  particles  formed  in  BHK  cells  after 
high  multiplicity  passage  were  grown  in  the  presence  of  wild  type  plaque 
purified  VSV  in  L  cells,  no  interference  with  normal  infectious  virus  repli- 
cation was  observed  and  only  42S  RNA  was  found  in  virions.   Therefore,  repli- 
cation of  DI  particles  in  L  cells  is  defective. 

Publications: 

Ramseur,  J.  M. ,  and  Friedman,  R.  M. :   Prolonged  infection  of  interferon- 
treated  cells  by  Vesicular  Stomatitis  Virus:   Possible  role  of 
temperature-sensitive  mutants  and  interferon.   J.  Gen.  Virol.  37: 
523-533,  1977. 

Ramseur,  J.,  and  Friedman,  R.  M. :   Prolonged  infection  of  L  cells 
with  vesicular  stomatitis  virus.   Virology.  85:  253-261,  1978. 
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Studies  using  the  dye,  Lucifer  Yellow,  have  revealed  proccesses  in  many 
invertebrate  neurons  which  had  been  previously  unobserved  due  to  limitations 


of  other  dyes.   The  dye  has  also  been  used  to  study  retrograde  movement  in 
cell  processes. 

Studies  have  begun  on  the  genetics  of  nerve  cell  shape  using  the  snail 
Biomphalaria  glabrata  as  an  experimental  animal. 
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Project  description: 

Studies  of  intercellular  communication  with  Lucifer  Yellow 

Further  work  has  been  done  with  Lucifer  Yellow,  an  intensely  fluores- 
cent dye  devised  in  this  laboratory  for  intracellular  marking  of  individual 
nerve  cells. 

a.  Several  observations  were  made.   First,  many  of  the  invertebrate 
neurons  studied  possess  an  extensive  and  complex  array  of  fine  processes  not 
visible  with  other  techniques.   Second,  dye  spreads  rapidly  within  an  in- 
jected cell.   Third,  dye  frequently  spreads  from  the  injected  cell  directly 
to  certain  other  cells.  The  movement  of  dye  from  cell  to  cell,  termed  by  us 
"dye-coupling",  occurred  primarily  but  not  exclusively  between  cells  known  to 
be  electrically  coupled. 

b.  The  dye  can  be  used  for  studying  retrograde  movement  in  cell  pro- 
cesses and  for  reverse  axonal  filling  through  suction  electrodes. 

c.  Conjugates  of  Lucifer  Yellow  to  several  proteins  were  prepared.   The 
fluorescence  emission  spectrum  of  Lucifer  Yellow  alone,  but  not  in  all  con- 
jugates, is  remarkably  insensitive  to  changes  in  pH  (with  Dr.  Raymond  F. 
Chen) . 

Genetics  of  nerve  cell  shape 

Studies  have  begun  on  the  genetics  of  nerve  cell  shape,  using  as  an 
experimental  animal  the  snail  Biomphalaria  glabrata.   B.  glabrata  was  chosen 
because  of  its  suitability  for  neurophysiology,  neuroanatomy,  genetics,  and 
convenient  rearing  in  the  laboratory.   Our  preliminary  findings  are  as 
follows.   (a)   Over  100  presumably  isogenic  lines  of  B.  glabrata  have  been 
produced  by  inbreeding.   (b)   Gross  anatomical  and  pigmentation  variants  have 
been  identified,  and  some  were  found  probably  to  be  controlled  by  alleles  at 
a  single  locus.   (c)   At  least  six  "identified  nerve  cells"  have  been  found, 
(d)   Several  anatomical  variants  of  the  nervous  system  have  been  recognized, 
and  studies  of  the  anatomy,  neurophysiology,  and  genetics  of  these  variants 
are  in  progress. 

Publications: 

Stewart,  W.  W. :   Functional  connections  between  cells  as  revealed  by  dye- 
coupling  with  two  highly  fluorescent  naphthalimide  tracers.  Cell,  1978,  in 
press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

It  is  the  purpose  of  this  project  to  study  the  chemistry  and  structure 
of  amyloid  and  amyloid  related  proteins.   The  main  topics  of  present 
interest  are: 

1)  Isolation  and  chemical  characterization  of  amyloid  fibril  protein 
from  various  types  of  systemic  amyloidosis  and  localized  amyloid 
deposits . 

2)  Mechanism  of  formation  of  amyloid  deposits  from  serum  precursors . 

3)  Isolation  and  purification  of  proteolytic  enzymes  involved  in 
amyloid  fibril  formation. 

4)  Immunochemical  characterization  of  amyloid  fibrils  from  different 
syndromes  in  tissue  section  for  diagnostic  and  therapeutic  purposes. 
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Project  Description 

Origin  and  Nature  of  Human  Amyloid  Fibril  Proteins  and  Precursors 

Studies  on  the  chemical  characterization  of  a  variety  of  types  of  the 
S-fibrils  of  amyloid  deposits  in  a  spectrum  of  amyloidosis  syndromes 
continues.   Amyloid  fibrils  derived  from  a  case  of  laryngeal  amyloidosis 
contain  a  major  protein  which  is  not  related  to  an  immunoglobulin  by 
sequence  analysis,  but  is  more  closely  associated  with  proteins  of  the 
Fe-porphyrin  variety  e.g.  cytochromes.   This  protein  with  a  molecular 
weight  of  18,000  M  has  no  detectable  tryptophan,  but  does  contain  poly- 
saccharide.  Its  cell  of  origin  is  presently  unknown.   Additional  studies 
are  in  progress  to  define  the  proteinaceous  characteristics  of  the  amyloid 
fibrils  in  "senile"   cerebral  plaques  found  in  Alzheimer's  disease  and 
other  presenile  dementias.   A  collaborative  project  with  NET  to  determine 
the  nature  of  the  6-pleated  sheet  fibrils  in  familial  corneal  lattice 
dystrophy  with  supplemental  tissue  culture  and  electromicroscopic  investi- 
gations is  in  progress. 

The  nature  of  the  native  human  serum  protein  SAA,  an  °'i~cio  acute  phase 
reactant,  of  approximately  180,000  M  related  antigenically  to  the  amyloid 
fibril  protein  AA  predominately  associated  with  "secondary"  amyloidosis  has 
not  been  definitively  characterized,  although  a  subunit  SAAL,  of  12,500  M 
obtained  from  it  by  denaturation  has  been  shown  to  be  homologous  to  the 
AA  protein.   Recently  Franklin  and  associates  have  given  evidence  that  SAA 
is  complexed  to  serum  albumin,  while  Benditt  and  associates  have  presented 
data  that  SAA  is  associated  with  high  density  sertim  lipoproteins,  HDL~.   The 
nature  of  the  native  state  of  SAA  and  its  physiologic  function  are  important 
to  our  understanding  of  this  form  of  amyloidosis.   Efforts  to  define  its 
characteristics  have  afforded  several  interesting  results.   SAA  can  be 
fractionated  by  gel  filtration  and  affinity  chromatography  free  of  serum 
albumin  yet  with  characteristic  electrophoretic  mobility  and  antigenicity 
intact.   A  serum  preparation  high  in  SAA  activity  failed  to  show  antigenic 
identity  when  reacted  in  double  immunodiffusion  with  anti-sera  to  human  AA 
protein,  a  and  6-lipoproteins  and  HDL_  apolipoproteins.   An  antiserum  to 
human  AA  protein  when  tested  with  a  highly  concentrated  and  purified  HDL„ 
preparation  failed  to  react  in  a  radioimmunoassay  (sensitivity  1  ng/ml) . 
When  tested  in  double  immunodiffusion  with  5  different  crude  denatured 
amyloid  AA  fibril  preparations,  antiserum  to  HDL  apolipoproteins  failed  to 
react.   Our  evidence,  therefore,  indicates  that  native  SAA  is  neither  complexed 
to  albumin  nor  is  it  associated  with  HDL_.   Further  investigations  to  confirm 
or  deny  our  earlier  suggestions  that  native  SAA  is  an  oligomer  and  to  deter- 
mine its  precise  nature,  associations  and  physiologic  function  are  in  progress 
(in  collaboration  with  Dr.  K.  Weisgraber) . 

A  protein  most  frequently  associated  with  amyloid  deposits  is  a  pentagonal 
structure  first  defined  morphologically  by  Bladen  and  Glenner,  designated 
P-component.   It  has  been  shown  to  be  identical  to  a  normal  serum  glycoprotein, 
9.5  S-  a   glycoprotein,  with  partial  sequence  homology  to  C-reactive  protein 
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and  the  complement  component,  C^t.   The  nature  of  the  association  of 
P-component  with  amyloid  fibrils  is  currently  under  investigation  using 
immunochemical  assay  procedures  with  evidence  indicating  a  propensity  of 
this  protein  to  bind  to  S-pleated  sheet  fibrils.   Such  binding,  although 
relatively  selective  for  the  6-pleated  sheet  fibril,  appears  to  be  an 
epiphenomenon  unrelated  to  amyloid  fibril  pathogenesis. 

Physiologic  Mechanisms  in  Amyloidosis  and  Related  Processes 

Collaborative  studies  with  NINCDS  on  the  mechanisms  for  the  peripheral 
neuropathy  associated  in  some  cases  with  multiple  myeloma  and  amyloidosis 
of  immunoglobulin  origin  are  in  progress.   The  physiologic  nature  of  both 
processes  seems  similar  and  in  amyloidosis,  unrelated  spatially  to  amyloid 
deposition  in  neural  tissue. 

Histologic  Characterization  of  Amyloid  Deposits 

Since  colchicine  has  been  found  efficacious  in  the  treatment  of  "secondary" 
amyloidosis  caused  by  the  deposition  of  AA  protein  fibrils,  studies  on  the 
characterization  of  amyloid  fibril  proteins  in  tissue  biopsy  sections  by 
immunohis to chemical  techniques  is  being  pursued  for  definitive  diagnostic 
and  subsequent  therapeutic  purposes.   Previous  published  reports  attempting 
such  a  method  have  utilized  antibodies  of  questionable  or  limited  specificity 
e.g.  idiotypic  antibodies,  resulting  in  confusing  and  contradictory  identi- 
fications which  should  be  minimized  or  eliminated  by  our  methodology  employing 
antisera  specific  for  the  V  region  of  light  chains  of  immunoglobulins  and 
monospecific  antisera  to  AA  protein. 

Publications: 

Glenner,  G.  G. :   Factor  X  deficiency  and  systemic  amyloidosis  (editorial). 
New  Eng.  J.  Med.  297:108-109,  1977. 

Glenner,  G.  G. :   Formazans  and  Tetrazolium  Salts.   In  Lillie,  R.  D.  (Ed.): 
H.  J.  Conn's  Biological  Stains.   Baltimore,  Williams  and  Wilkins,  1977, 
edition  9,  pp.  225-235. 

Glenner,  G.  G.,  Ignaczak,  T.  F. ,  and  Page,  D.  L. :   The  Inherited  Systemic 
Amyloidoses  and  Localized  Amyloid  Deposits.   In  Stanbury,  J.  B.,  Wyngaarden, 
J.  B.,  and  Frederickson,  D.  S.  (Eds.):   Metabolic  Basis  of  Inherited  Diseases. 
New  York,  McGraw-Hill  1978,  edition  4,  pp.  1308-1339. 
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SUMMARY  OF  WORK  (?0C  -ords  or  less  -  underline  keywords) 

The  purpose  of  this  project  has  been  to  study,  by  biochemical  and 
immunochemical  techniques,  the  biosynthesis  of  a  normal  acute  phase  protein 
SAA  (serimi  amyloid  A)  which  has  been  identified  by  its  crossreaction  with 
antibodies  raised  to  the  amyloid  A  fibril  protein  AA.   The  efforts  of  this 
past  year  have  focused  on  the  molecular  events  by  which  antigenic  and 
inflammatory  agents  induce  the  acute  phase  SAA  response.   In  the  course  of 
carrying  out  this  work,  it  was  necessary  to  develop  a  sensitive  method  for 
detection  of  antibodies  to  AA  proteins  in  the  serum  of  rabbits  immunized 
with  crude  denatured  amyloid  A  fibrils.   Also,  the  effect  of  ageing  on  SAA 
concentration  was  investigated,  by  radioimmunoassary  analysis  of  approxi- 
biately  400  normal  healthy  individuals  ranging  in  age  from  21  to  100.   No 
age  related  increase  in  SAA  concentration  was  found. 


320 


f 


$ 


Pi^S-6040 


ZOl  AM  21,007-07  LEP 

Project  Description: 

Introduction:   SAA  (serum  amyloid  A)  has  been  studied  intensively  since  it 
was  discovered  by  its  crossreaction  with  antibodies  raised  to  denatured  AA 
(amyloid  A)  fibril  proteins  five  to  seven  years  ago  (Isersky  et  al  1971, 
Levin  et  al  1973).   During  this  period  it  was  established  that  SAA  is  a 
normal  acute  phase  reactant  whose  concentration  can  increase  as  much  as  1000 
times  baseline  concentrations  in  response  to  numerous  antigenic  and  inflam- 
matory (McAdam  et  al,  1975,  McAdam  and  Sipe,  1976,  McAdam,  Elin,  Sipe  and 
Wolff,  1978).   It  was  established  that  both  human  and  murine  SAA  have  confor- 
mations such  that  those  antigenic  determinants  common  to  the  AA  fibril 
protein  are  buried  and  require  denaturation  to  be  exposed  (Sipe  et  al.  1975 
a,  b  1977).   It  was  established  that  native  SAA  has  mol  wt  160000,  and,  upon 
denaturation  with  agents  which  normally  disrupt  noncovalent  bonds,  it  is 
dissociated  to  a  species  of  approximately  12,000  mol  wt.  (Linke  et  al,  1975, 
Sipe  et  al  1976  a,  b,  1977).   Recently  Benditt  and  Eriksen  (1977)  have  shown 
that  SAA  is  associated  with  the  HDL^  subclass  of  lipoproteins.   The  tissue 
in  which  acute  phase  SAA  originates  appears  to  be  the  liver  (Sipe,  McAdam 
and  Uchino,  1978).   The  similarity  of  the  temporal  responses  of  SAA  and  C- 
reactive  protein  to  the  nonantigenic  pyrogen  etiocholanolone  suggests  that 
there  may  be  a  common  mechanism  of  induction  for  the  two  proteins  (McAdam, 
Elin,  Sipe  and  Wolff,  1978).   The  relationship  of  SAA  to  the  insoluble  AA 
protein  which  accumulates  in  tissues  is  not  as  yet  clear.   Studies  of  experi- 
mental amyloidosis  with  C3H  and  A  mice  suggest  that  elevated  SAA  per  se 
does  not  predispose  to  amyloidosis  (Sipe,  McAdam  and  Uchino,  1978).   Ele- 
vated SAA  concentrations  have  been  observed  in  most  patients  with  chronic 
inflammatory  diseases  (Rosenthal  and  Franklin,  1975,  Ignaczak,  Sipe,  Linke 
and  Glenner,  1977)  and  SAA  is  not  in  any  way  a  marker  for  secondary  amyloi- 
dosis. 

SAA  and  Ageing:   SAA  has  been  implicated  by  three  independent  studies  to 
increase  in  concentration  with  ageing  (Husby  and  Natvig,  1974,  Benson, 
Skinner,  Lian  and  Cohen,  1975,  Rosenthal  and  Franklin,  1975).   Hijmans  and 
Sipe  (manuscript  submitted)  measured  SAA  concentration  in  395  samples  from 
302  healthy  individuals  ranging  in  age  from  21  to  100  years.   The  average 
SAA  concentration  was  20  ug/ml  with  only  five  serum  samples  falling  below  5 
ug/ml.   SAA  concentrations  were  measured  by  comparing  the  capacity  of  de- 
natured serum  samples  to  inhibit  ~    lAA  (amyloid  A)  binding  by  anti-AA.   No 
age  related  increase  in  SAA  concentration  was  observed  in  the  present  study. 
The  average  SAA  concentration  in  these  normal,  healthy  individuals  was 
approximately  one  hundred  fold  less  than  values  measured  in  acute  phase 
human  serum  in  a  separate  study  with  the  same  reagents. 

Detection  of  anti-AA  antibodies  with  the  solid-phase  radioimmunoassay  (RIA) 
for  the  AA  antigen:   In  the  previously  developed  RIA  for  the  AA  antigen, 
unlabeled  AA  protein  competes  with    I-AA  for  binding  sites  on  immobilized 
antibodies.   This  past  year  the  RIA  was  modified  to  detect  antibodies  which 
in  solution  compete  with  antibodies  immobilized  on  the  wells  of  flexible 
polyvinylcholoride  microtitration  plates  for  binding  of    I-AA.   The  anti- 
body concentration  in  an  experimental  antiserum  can  be  estimated  by  com- 
paring its  inhibition  of    I-AA  binding  with  that  of  an  antiserum  of  known 
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antibody  concentration.   Only  microgram  quantities  of  purified  AA  protein 
are  required  for  antibody  determination  by  this  method  and  the  presence  of 
large  quantities  of  antibodies  to  other  proteins  does  not  cause  interference. 
This  methodology  (Sipe  1978a)  has  proved  extremely  useful  in  monitoring 
antibody  titer  during  the  course  of  raising  antibodies  to  crude  denatured 
amyloid  fibrils  because  purified  AA  proteins  are  relatively  insoluble  and 
diffuse  poorly  in  agarose  gels,  making  Ouchterlony  pattejms  difficult  to 
interpret  semiquantitatively,  and  the  presence  of  antibodies  to  contaminant 
proteins  can  obscure  specific  immunoprecipitation  lines  in  agarose  gels. 

Induction  of  the  acute  phase  SAA  response:   Studies  cited  in  the  introduction 
suggested  that  induction  of  the  acute  phase  SAA  response  involves  synthesis 
of  SAA  by  the  liver.  Work  in  another  laboratory  (Linder  et  al  1976,  Johnson 
et  al,  1977,  Linder  et  al  1977)  however,  suggested  that  SAA  may  be  a  normal 
tissue  constituent  which  is  released  into  the  circulation  as  a  result  of 
injury  associated  with  the  inflammatory  process.   Therefore,  the  induction 
of  SAA  in  C3H/HeN  mice  was  studied  with  three  metabolic  inhibitors:   cyclo- 
heximide,  an  inhibitor  of  protein  synthesis,  actinomycin  D,  an  inhibitor  of 
RNA  synthesis,  and  galactosamine,  an  inhibitor  of  inducible  liver  protein 
synthesis.   When  administered  simultaneously  with  LPS,  each  of  the  three 
agents  completely  abolished  induction  of  SAA  for  at  least  6  hours.   They  all 
significantly  inhibited  SAA  induction  when  given  1.5  hours  post  LPS,  but  by 
three  hours  after  LPS  the  inhibitory  effect  of  actinomycin  D  on  SAA  induc- 
tion was  markedly  reduced.   These  results  suggest  that  both  RNA  and  protein 
synthesis,  rather  than  proteolysis  of  a  preexisting  cellular  constituent  are 
required  to  produce  the  elevated  SAA  concentrations  which  appear  at  the 
height  of  the  acute  phase  reponse  (Sipe,  1978b). 

The  induction  of  SAA  by  LPS  or  other  inflammatory  agents  is  character- 
ized by  a  latent  period  of  2-3  hours.   It  is  thought  that  the  early  inflam- 
matory response  may  involve  the  formation  of  intermediate  humoral  factors 
which  are  transported  by  blood  to  the  liver  and  stimulate  hepatocytes  to 
produce  acute  phase  reactants.   An  association  between  the  mitogenic  effect 
of  the  acute  phase  stimulus  and  SAA  induction  was  previously  observed  (McAdam 
and  Sipe,  1976) ,  hence  it  seemed  likely  that  at  least  part  of  the  latent 
period  might  involve  production  of  humoral  mediators  by  the  inducing  agent. 
The  fact  that  C3H/HeJ  mice  show  diminished  physiological  responses  to  LPS 
extracted  from  E.  coli  K235  by  the  phenol  method  provided  a  system  with 
which  to  observe  a  putative  mediator  of  SAA  induction.   A  low  dose  of  K235 
LPS  was  given  to  C3H/Hen  mice  (which  exhibit  a  normal  physiological  response) 
and  serum  was  obtained  three  hours  later,  just  as  serum  SAA  concentration 
was  beginning  to  rise.   This  serum  when  administered  ip  to  C3H/HeJ  mice 
elicited  significantly  elevated  SAA  concentrations  after  2.5  hours,  as 
compared  with  the  K235  LPS  itself,   C3H/HeJ  serum  3  hours  post  K235  LPS  did 
not  stimulate  SAA  synthesis.   Experiments  are  currently  in  progress  to 
identifier  the  SAA  inducer(s)  and  to  elucidate  the  kinetics  of  its  appear- 
ance in  serum. 
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laboratory. 

2)  Human  cytogenetic  studies  of  patients  with  congenital  and  developmental 
disorders  as  well  as  studies  of  mutagen- induced  chromosomal  abnormalities 


are  continuing. 

3)  Murine  cytogenetic  studies  include  evaluation  of  mitotic  and  meiotic 
chromosomes  of  Robertsonian  translocation  carriers  and  karyotypic  evaluation 
of  cells  in  hematopoetic  tissue  regeneration  experiments.   These  are  part  of 
projects  utilizing  the  mouse  as  a  model  for  human  diseases. 
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Project  Description: 

Cytogenetics  of  Hemopoetic  Disorders.  ^^ 

In  collaboration  with  Dr.  Germain  (University  Claude-Bernard,  Lyon,       ^B 
France),  cytogenetic  studies  have  been  carried  out  using  the  sister  chroma- 
tid exchange  (S.C.E.)  frequencies  as  a  criterion  to  compare  chromosomal 
alterations  found  in  (1)  constitutional  hemopathies  associated  with  leukemia 
or  preleukemia,  and  (2)  abnormalities  of  the  hematopoetic  system  induced  by 
leukemogenic  substances  such  as  benzene  and  related  polycyclic  hydrocarbons 
with  normal,  healthy  subjects  as  controls.   Part  of  this  study  is  being 
continued. 

Experiments  on  Pluripotential  and  Committed  Hemopoietic  Stem  Cells. 

In  collaboration  with  Dr.  G.  Brecher,  Department  of  Laboratory  Medicine, 
School  of  Medicine,  University  of  California,  San  Francisco,  we  explored  the 
thesis  that  pluripotential  stem  cells  (PSC)  are  normally  not  dividing  and 
that  it  requires  an  unusual  stimulus  such  as  radiation  which  rapidly  depletes 
the  stem  cells  pool  to  trigger  the  surviving  PSC  into  cycle.   The  observation 
that  transfusion  of  bone  marrow  into  normal  isologous  recipients  does  not 
ordinarily  result  in  "takes",  could  then  be  ascribed  to  the  absence  of  any 
stimulus  in  normal  animals  to  put  the  transfused  cells  into  cycle.   Based  on 
this  assumption  we  used  partial  body  irradiation  after  transfusion  of  normal 
marrow  into  normal  recipient  as  such  a  stimulus,  predicting  that  both  endo- 
genous and  recently  transfused  stem  cells  should  be  triggered  into  cycle  and 
proliferate.   Identification  of  proliferating  cells  was  made  possible  by  use 
of  donors  of  the  opposite  sex  and  identification  of  the  Y  chromosome  in  the 
recipient.   When  the  extremities  and  the  head  were  irradiated  with  the  torso 
shielded,  we  obtained  an  average  of  40%  of  donor  cells  proliferating  in  the 
shielded  spleen  and  60%  in  the  irradiated  femoral  marrow  of  the  recipient. 
However,  the  radiation  had  to  be  given  within  2  hours  of  transfusion.   Only 
small  numbers  of  donor  cells  were  found  in  the  recipients  when  radiation  was 
delayed  for  24  hours,  and  none  when  the  interval  between  transfusion  and 
radiation  was  increased  to  4  days.   Radiation  of  the  whole  body  with  both 
hindllmbs  shielded  did  not  result  in  takes. 

These  results  are  compatible  with  the  basic  hypothesis  of  non  cycling 
PSC.   It  is  known  that  donor  PSC  lodge  preferentially  in  liver  and  spleen 
during  the  first  few  hours  after  transfusion  and  redistribute  to  the  marrow 
in  the  ensuing  12  to  24  hours.   While  this  phenomenon  could  readily  explain 
a  2  or  3  fold  difference  between  proliferative  rates  after  shielding  of  the 
torso,  which  includes  liver  and  spleen  shielding  on  the  one  hand,  and  limb- 
shielding  on  the  other,  it  cannot  adequately  explain  the  discrepancy  between 
40%  to  60%  of  donor  cells  proliferating  after  torso  shielding  and  none  after 
limbshielding.   The  data  thus  indicates  that  recently  arrived  PSC  that  lodge 
in  the  spleen  and  liver  have  a  proliferative  advantage  over  endogenous  PSC. 
This  hitherto  unsuspected  behavior  of  PSC  is  under  continuous  investigation 
by  our  laboratories. 

Meiotic  Chromosomes  of  the  Female  Mouse.  ^^ 

This  study  will  be  continued.   Findings,  thus  far  obtained,  of  the  rate   ^E 
of  meiotic  nondisjunction  in  female  mice  heterozygous  for  three  Robertsonian 
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translocation  chromosomes  are  very  similar  to  those  observed  in  the  male 
meiosis.   This  was  also  the  case  in  G.P.  mice  and  in  our  34  chromosome 
strain.   Experiments  will  be  carried  out  to  determine  which  factors  may 
cause  or  play  a  role  in  inducing  nondisjunction  during  anaphase  I  and/or 
anaphase  II  (i.e.  age,  heterozygous  conditions,  viral  infection.  X-ray,  and 
chemicals) . 

Fluorescent  in  Situ  Hybridization  for  Gene  Mapping. 

This  study  is  a  collaborative  project  with  Dr.  P.  Tischler,  Harvard 
Medical  School,  Boston  and  Dr.  B.  Forget,  Yale  Medical  School,  New  Haven. 
Chromosomes  which  habe  been  identified  are  then  hybridized  to  the  messenger 
KNA  and  to  fluorescent  spheres.   They  are  then  re-examined  by  fluorescent 
microscopy,  and  the  chromosomal  location  of  the  fluorescent  spheres  are 
noted.   We  anticipate  that  the  spheres  will  detect  V-globin  messenger  RNA 
bound  to  chromosome  7  and  $-globin  messenger  RNA  bound  to  chromosome  11. 

Clinical  Cytogenetic  Studies  of  Human  Congenital  and  Developmental  Disorders. 

Patients  referred  to  our  laboratory  for  karyotypic  diagnosis  are  those 
with  various  unusual  genetic  disorders,  abnormalities  in  gonadal  development 
or  function,  and  selected  cases  of  infertility  in  the  male.   In  these  types 
of  cases,  we  are  looking  for  minor  variants  or  abnormalities  as  well  as 
gross  morphological  changes.   With  routine  karyotyping  many  of  these  anomalies 
could  be  overlooked  or  misinterpreted;  therefore,  all  preparations  from  such 
patient  referrals  are  Giemsa-  and  quinacrine-banded.   Additional  procedures 
such  as  centromeric-banding,  sister  chromatid  exchange,  and/or  late  repli- 
cation studies  are  used  if  a  chromosome  abnormality  is  found  or  suspected. 
With  the  addition  of  new  and  improvement  of  our  older,  more  standard  banding 
procedures,  we  are  now  better  prepared  to  detect  karyotypic  variations  and 
more  capable  of  correctly  interpreting  them. 
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722-724,  1978. 

Raveche,  E.  S.,  Steinberg,  A.  D. ,  Klassen,  L.  W. ,  Tjio,  J.  H. :   Genetic 
studies  in  NBZB  mice.   I.  Spontaneous  autoantibody  production.   J.  Exp.  Med. 
147:  1487-1502,  1978. 

White,  B.  J.,  Crandall,  C.  ,  Raveche,  E.  S. ,  Tjio,  J.  H. :   Laboratory  mice 
carrying  three  pairs  of  Robertsonian  translocations:   Establishment  of  a 
strain  and  analysis  of  meiotic  segregation.   Cytogenetics  and  Cell  Genetics, 
in  press. 
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Project  Description: 

1.   Cytogenetic  and  reproductive  studies  of  murine  Robertsonian  translocation 
carriers. 

Studies  of  a  variety  of  laboratory  mouse  Robertsonian  translocations 
are  continuing.   The  standard  strains  presently  maintained  by  our  laboratory 
include  Rb(5.19),  now  at  F  of  brother  x  sister  inbreeding,  Rb(6.15),  Rb(9.19), 
Rb(8.17),  Rb(8.19),  Rb(6.13),  Rb(5. 19) /(6. 15) / (8. 17) .   The  latter  strain 
with  combined  translocations,  developed  in  our  laboratory  from  the  Rb(8.17) 
and  Rb(5.19)/(6. 15)  strains  has  now  been  maintained  4  years  by  random  breeding. 
Our  recently  completed  studies  of  this  strain  (I'Thite,  et  al.  ,  Cytogenetics 
and  Cell  Genetics,  in  press)  have  deomonstrated  that  fertility  and  meiotic 
disjunction  of  homozygotes  is  normal,  whereas  F  heterozygotes  have  high 
frequencies  of  embryos  trisomic  for  autosomes  1:>,  17,  or  19.   Male  F   gave 
significantly  more  trisomies  than  female  F  ,  even  though  direct  meiotic 
chromosomal  studies  showed  similar  frequencies  of  meiotic  nondisjunction. 
The  basis  of  this  difference  has  not  been  determined  in  our  strain,  although 
others  observing  similar  results  with  the  isolated  Rb(8.17)  strain  have 
suggested  that  the  major  histocompatibility  (H-2)  or  other  loci  on  chromosome 
17  influence  survival  of  aneuploid  gametes  and  pre- implantation  embryos.   We 
are  now  in  the  process  of  determining  the  H-2  type  of  our  Rb(8.17)  strain 
(with  the  cooperation  of  Dr.  D.  Sachs,  NCI)  in  order  to  do  further  studies 
of  gene  dosage  effects  of  trisomy  17,  specifically  those  of  H-2  and  associated 
H-Y  antigen  expression.   Before  doing  such  experiments,  it  will  also  be 
necessary  to  determine  the  viability  and  phenotype  of  embryos  with  trisomy 
17  in  our  standard  Rb(8.17)  stock,  since  it  may  differ  from  that  of  the 
original  parent  (8.17)  strain  due  to  outcrossing  of  the  latter  to  CBA. 
These  preliminary  experiments  are  planned  for  the  coming  year. 

Results  of  previous  experiments  with  our  inbred  Rb(5.19)  strain  may 
also  be  explained  by  H-2-linked  effects.   Rb(5.19)  homozygotes  are  pheno- 
typically  normal  except  for  susceptibility  to  isolated  cleft  palate;  this 
effect  is  also  found  in  fetuses  with  trisomy  19  derived  from  Rb(5.192  x  Rb 
(9.19)  crosses.   Other  cleft  palate-susceptible  strains  have  the  H-2 
genotype,  and  H-2  typing  of  our  strain,  planned  for  the  immediate  future, 
may  provide  more  evidence  for  the  possible  genetic  influence  of  H-2  on 
specific  abnormalities  of  embryogenesis.   Our  own  previous  experiments  as 
well  as  those  of  others  indicate  that  cleft  palate  has  a  multifactoral 
origin  in  the  laboratory  mouse,  and  the  goal  of  our  H-2  study  is  to  further 
confirm  that  one  of  these  factors  is  a  susceptible  H-2  genotype.   Such 
observations  are  of  interest  in  relation  to  human  diseases,  where  susceptiblity 
to  certain  specific  disorders  may  be  HLA-related. 

2)   Cytogenetic  and  dermatologlyphic  studies  of  patients. 

These  studies  of  a  limited  number  of  patients  with  congenital  defects, 
genetic  syndromes,  and  abnormal  gonadal  development  are  continuing.   They 
emphasize  correlation  of  cytogenetic  or  genetic  abnormalities  with  clinical 
pathology  and  dermatoglyphic  variation  from  normal.   For  determination  of 
chromosomal  defects,  Giemsa-,  quinacrine-,  centromeric-banding,  and  the 
BUdR-Hoechst  33258  technique  are  utilized.   Case  reports  of  three  particularly 
informative  cases  are  in  preparation  in  collaboration  with  other  investigators. 
The  first  concerns  two  females  with  45,X/46,XY  mosaicism,  the  so-called 

329 


ZOl  AM  21,009-11  LEP 


i 


nonfluorescent  Y  chromosome,  gonadal  dysgenesis,  and  negative  H-Y  antigen. 

We  have  concluded  (Drs.  R.  Johnsonbaugh  and  D.  Knab,  NNMC,  collaborators) 

from  these  cases  that  non-fluorescent  Y  chromosomes  remain  of  uncertain 

origin  (?  cytochemically  altered  Y) ,  and  that  further  cases  must  be  studied    ^_ 

before  risk  of  gonadoblastoma  can  be  determined.   At  present,  careful  obser-   ^^ 

vation  of  non- fluorescent  gonadoblastoma  cases,  rather  than  laparotomy,  may 

be  indicated 

A  second  report  concerns  a  46, XX  true  hermaphrodite  (collaborators  Drs. 
S.  Winters  and  R.  Sherins,  NICHD;  Dr.  S.  Wachtel,  Sloan-Kettering)  whose 
karyotype  was  46, XX  in  all  tissues  including  ovary  and  testis  portons  of  an 
ovo-testis;  H-Y  antigen  was  positive  only  in  the  46, XX  testis  portion  of  the 
cultures  gonadal  biopsies.   It  is  postulated  that  a  minute  region  of  a  Y 
chromsome  containing  the  H-Y  locus  has  been  translocated  elsewhere  in  the 
genome,  but  is  still  too  small  to  be  detected  by  banding  techniques.   Expres- 
sion of  this  locus  at  the  cell  surface  (serologically  detectable  antigen) 
may  be  permanently  interfered  with  during  embryogenesis  in  some  way,  except 
for  the  testicular  tissue  precursor.   Other  substances  are  suggested  to 
complete  with  H-Y  for  binding  on  the  cell  surface  (?  ovarian- inducing  sub- 
stance) ,  presumably  to  HLA-B„-microglobulin  complexes  which  may  act  as 
receptors.   Thus,  H-Y  antigen  and  its  effects  could  be  expressed  in  a  "mosaic" 
condition  even  though  the  strr^.tural  gene  was  present  in  cells  of  all  tissues. 
We  feel  that  the  tissue  studies  of  this  patient  initially  by  our  laboratory 
have  contributed  to  knowledge  of  the  role  of  H-Y  antigen  in  gonadal  differ- 
entiation.  Similar  results  have  now  been  obtained  by  Dr.  Wachtel  in  studies 
of  a  second  46, XX  hermaphrodite. 


t 


A  third  case  report  concerning  chromosomal  abnormalities  in  sporadic 
intestinal  lymphangiectasia  (IL)  has  been  submitted  for  publication.   We 
have  found  45,X/46,XY  mosaicism  as  well  as  autosomal  hyperdipiploidy  of  a 
clonal  nature  in  numerous  tissue  cultures  from  a  single  patient.   Such 
clonal  abnormalities  have  been  noted  previously  in  skin  cultures  from 
normals  as  well  as  patients  with  genetic  disorders  predisposing  to  malignancy. 
Studies  of  fibroblasts  of  two  other  patients  with  IL  are  in  progress  in 
order  to  determine  if  the  defect  in  delayed  hypersensitivity  typical  of  this 
disease  predisposes  to  development  of  non-constitutional  or  secondary  chromo- 
somal abnormalities.  Hyperdiploidy  has  now  been  detected  in  one  of  four  cell 
lines  from  a  second  IL  patient.  We  plan  to  study  at  least  a  total  of  five 
patients,  which  should  take  several  years,  since  we  are  also  determining  in 
vitro  replicative  lifespan  of  the  fibroblasts. 

A  derma tog lyphic  and  radiographic  study  of  a  family  with  pseudohypopara- 
thyroidism (PHP)  is  currently  in  press  (B.  White  and  S.  Marx,  NIAMDD,  Clinical 
Genetics) .  The  study  confirmed  the  developmental  relationship  of  dermal  and 
bony  hand  landmarks  and  demonstrated  how  the  metacarpal  anomalies  of  PHP 
distort  the  normal  relationship  of  the  subdigital  triradii  and  M-P  joints 
post-natally.   The  quantitative  similarities  of  PHP  and  45,  X-Turner's 
syndrome  dermatoglyphics  were  also  explored,  and  we  have  concluded  that  more 
PHP  cases  must  be  systemically  studied  before  PHP  dermatoglyphics  can  be 
clearly  separated  from  both  the  normal  and  Turner's  population. 

The  dermatoglyphic  analysis  of  30  sets  of  twins  with  multiple  sclerosis 
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is  still  in  progress  with  NINCDS.   That  institute  is  studying  the  genetic 
and  environmental  factors  suspected  of  being  etiologic  in  MS.   The  dermato- 
glyphic  results  will  help  to  confirm  if  twins  are  identical  as  well  as  to 
see  if  certain  dermal  traits  are  less  or  more  frequent  in  MS  than  the  general 
population.   The  gathering  of  all  data  is  nearly  complete,  and  the  analysis 
will  be  done  during  the  coming  year. 

Short  stature:   A  two-year  survey  of  the  frequency  of  sex  chromosome 
abnormalities  in  girls  less  than  third  percentile  in  height  at  the  NNMC 
Pediatric  Endocrinology  Unit  (Dr.  R.  Johnsonbaugh)  has  been  discontinued. 
Of  27  cases,  8  had  abnormalities  such  as  45, X,  45,X/46XX,  or  45,X/46,XY.   We 
have  concluded  that  sex  chromosome  defects  must  be  ruled  out  on  short 
females  from  families  of  normal  stature,  when  no  other  etiology  is  apparent. 
Normal  phenotype  was  present  in  several  of  our  short  girls  who  were  45, X 
mosaics,  so  chromosomal  defects  must  still  be  considered  even  in  the  absence 
of  Turner's  syndrome  stigmata.   Our  collaborator  who  initiated  the  survey, 
has  taken  no  action  concerning  publication  of  the  results,  so  this  aspect  of 
the  study  is  unresolved. 

3)   Karyotypic  evaluation  of  potentially  abnormal  tissues. 

Murine  tumors:   In  collaboration  with  Dr.  W.  Rowe  (NIAID)  we  had 
previously  detected  nonspecific  autosomal  aneuploidy  and  monosomy  X  in 
thymomas  of  AKR  F  backcross  progency.   Our  analysis  was  part  of  an  attempt 
to  map  the  AKV-2  locus  important  in  tumor igenes is,  but  our  study  was  dis- 
continued when  Dr.  Rowe  discovered  the  locus  had  become  genetically  unstable 
(?  viral  insertion).  We  may  not  be  able  to  resume  this  project  because  of 
this  problem.   Other  studies  of  foreign-body  enhanced  murine  tumors  done  in 
collaboration  with  Drs.  D.  Vembum  and  C.  Boone  have  been  completed  and  are 
being  prepared  for  publication.   The  lOTl/2  C3H  cell  line  is  normally  non- 
tumorigenic,  and  forms  subcutaneous  tumors  in  mice  only  if  implanted  attached 
to  plastic  film.   Chromosomal  studies  of  the  lOTl/2  parent  line  and  lines 
derived  from  four  of  its  foreign- body  associated  tumors  have  been  interpreted, 
along  with  other  data,  as  evidence  in  favor  of  monoclonal  origin  of  plastic 
film  sarcomas.   However,  degree  of  invasiveness  of  the  four  derived  lines 
did  not  coorelate  well  with  presence  of  specific  chromosomal  markers. 

Primate  chromosomes:   During  the  past  several  years,  we  have  studied  a 
series  of  chromosomal  inversions  in  the  squirrel  monkey  with  Dr.  J.  Newman, 
NICHD.   His  laboratory  is  now  utilizing  the  different  inversion  homozygotes 
previously  karyotyped  by  us  to  produce  F   progeny  heterozygous  for  specific 
inversions,  so  that  future  studies  by  us  will  consist  of  confirming  inversion 
heterozygosity  so  that  Dr.  Newman  can  correlate  behavioral  with  genetic 
factors.   This  study  has  been  inactive  this  year  due  to  death  of  newborn  F^, 
but  will  continue  indefinitely,  as  more  animals  are  born. 

Publications : 

White,  B.  J.,  Crandall,  C,  Raveche,  E.  S.  ,  Tjio,  J.  H.  :   Laboratory  mice 
carrying  three  pairs  of  Robertsonian  translocations:   Establishment  of  a 
strain  and  analysis  of  meiotic  segregation.   Cytogenetics  and  Cell  Genetics, 
in  press. 
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White,  B.  J.  and  Marx,  S.  J. :   Dermatoglyphic  and  radiographic  findings  in  a 
mother  and  daughter  with  pseudohypoparathyroidism.   Clinical  Genetics,  in 
press. 
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SUMMARY  OF  WORK  (200  ^ords  or  less  -  underline  keywords) 

We  are  employing  DNA  viruses  as  molecular  probes  to  study  genome 
expression  in  human  cells.   We  are  studying  intensively  the  structure  and 
function  of  adeno-associated  virus  (AAV)  since  this  virus  has  only  a  single 
gene.   We  are  studying  also  adenovirus  which  is  a  more  complex  genome. 
Adenovirus  is  the  helper  virus  for  AAV  multiplication.   This  helper  relationship 
is  being  analysed.   Also  both  AAV  and  adenovirus  recombine  with  cellular 
DNA.   In  the  case  of  adenovirus  this  causes  malignant  transformation  of  the 
cell.   AAV  inhibits  this  transformation  and  also  inhibits  Adl2  oncogenesis 
in  newborn  animals.   Thus  AAV  inhibits  tumor  induction.   The  mechanism  of 
this  inhibition  of  tumor  induction  is  being  studied  at  the  molecular  level 
in  both  cell  culture  and  in  animal  experiments. 
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Project  Description: 

Adeno-associated  viruses  (AAV)  are  defective  parvoviruses.   Because  of 
its  small  DNA  genome  and  unusual  mode  of  segregation  of  complementary  DNA 
strands  into  separate  virions,  AAV  offers  a  unique  situation  amenable  to       | 
biochemical  analysis.   AAV  synthesizes  only  a  single  mRNA  species  (for  its 
coat  protein) .   Thus  the  AAV  genome  seems  to  consist  of  a  single  unique  gene 
enclosed  by  DNA  regions  containing  reiterated  sequences.   We  are  studying  AAV 
as  a  model  system  for  eukaryotic  gene  expression.   The  main  objectives  of 
this  study  are:   to  analyse  the  structure  of  AAV  DNA  and  obtain  an  accurate 
transcription  map;  to  study  the  control  of  synthesis,  post-transcriptional 
processing  and  modification  and  transport  and  degradation  of  AAV,  to  analyse 
replication  of  AAV  DNA;  and  to  study  interactions  between  AAV  and  its  helper 
adenovirus  in  both  permissive  and  non-permissive  cells.   In  order  to  analyse 
the  interaction  between  AAV  and  adenovirus  we  require  additional  information 
directly  relating  to  adenovirus  function  in  infected  cells.   We  have  there- 
fore initiated  studies  on  various  parameters  of  the  adenovirus  growth  cycle. 

Major  findings  since  the  last  report  are: 

Structural  Analysis  of  AAV  DNA:   Structure  of  Incomplete  DNA:   AAV  particles 
containing  incomplete  genomes  were  separated  from  those  containing  complete 
viral  genomes  in  cesium  chloride  density  gradients  and/or  sucrose  velocity 
sedimentation.   Complete  particles  band  in  CsCl  at  1.4  g/cm  .   The  incomplete 
particles  banded  in  CsCl  at  densities  of  approximately  1.40  and  1.36-1.32 
g/cc.   Incomplete  particles  with  a  density  of  1.40  g/cc  yielded  two  main 
types  of  DNA  (types  I  and  II)  having  molecular  weights  of  1.4  x  10  and  0.8  x 
10  respectively  in  both  neutral  and  alkaline  pH.   As  assayed  with  SI  nuclease, 
at  least  70%  of  the  type  I  and  II  molecules  are  cross-linked  and  probably 
represent  an  inverted  repetition  of  a  restricted  portion  of  the  AAV  genome. 
Restriction  endonuclease  cleavage  with  EcoRl,  Alu,  Hhal,  Hpall,  Haelll,  and 
Haell  showed  that  type  I  molecules  contain  35-50%  and  type  II  contain  20-30% 
of  either  the  left-hand  end  or  right-hand  end  of  the  AAV  genome.   Incomplete 
DNA  molecules  from  particles  banding  at  a  density  of  1.35  g/cm   (type  III) 
had  single  strand  molecular  weights  of  0. 3  x  10  .   These  molecules  contained 
up  to  20%  of  the  genome  sequences  from  one  or  other  molecular  terminus.   Type 
III  molecules  appear  to  be  mostly  hairpin  structures  analogous  to  type  I  and 
II.   The  smallest  incomplete  molecules  (type  IV)  are  obtained  from  particles 
banding  in  CsCl. at  a  density  of  1.32  g/cm  .   The  type  IV  AAV  DNA  is  about  150 
nucleotides  long  and  contains  only  part  or  all  of  the  terminal  repetition 
sequence  which  is  palindromic  and  therefore  folds  over  into  a  hairpin  structure. 
These  type  IV  molecules,  in  fact,  appear  to  be  lacking  the  outer  10  to  20 
nucleotides  of  the  terminal  repetition  and  therefore  probably  would  not 
replicate  (see  below) .   The  heterogeneous  size  of  incomplete  molecules  is  due 
to  variations  in  the  amount  of  the  internal  region  of  the  AAV  genome  present. 
Since  every  molecule  appears  to  contain  the  site  of  the  origin  of  DNA  repli- 
cation, they  probably  arise  from  aberrant  DNA  replication  rather  than  by  a 
recombinational  mechanism. 

Further  structural  analysis  using  5'  terminal  labeling  with  T4  poly-        _^ 
nucleotide  kinase  and  E^.  coli  exonuclease  III  or  nuclease  SI  digestion  shows     Al 
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that  the  hairpins  in  the  incomplete  molecules  are  internal  with  respect  to 
the  AAV  genome.   Also  in  some  of  the  incomplete  molecules  only  the  5'  strand 
of  the  terminal  repetition  is  present  and  the  3'  complement  is  absent  (i.e., 
the  terminal  repetition  was  not  replicated  or  was  cleaved  after  replication). 
The  proportion  of  such  molecules  increases  as  the  size  of  the  incomplete 
genome  decreases.   The  resulting  single-stranded  5'  end  either  folds  on 
itself  to  form  a  hairpin  or  can  anneal  with  other  molecules  to  form  oligomers. 
This  accounts  for  the  "cohesive-ends"  present  in  some  incomplete  molecules. 

These  incomplete  molecules  are  now  being  used  to  analyse  the  mechanism 
of  AAV  replication  as  well  as  adenovirus  replication.   More  importantly, 
these  incomplete  molecules  have  turned  out  to  be  very  useful  probes  for 
analysing  the  mechanism  of  the  inhibition  by  AAV  of  oncogenesis  mediated  by 
adenovirus  type  12  in  newborn  hamsters. 

AAV  Particles  Containing  Incomplete  Genomes  are  Defective  Interfering  (PI) 
Particles:   Many  animal  viruses  exhibit  the  "von  Magnus"  phenomenon  of  pro- 
duction  of  defective  interfering  particles  during  continued  passage  at  high 
multiplicity  of  infection.   Such  DI  particles  may  have  a  role  in  self-limiting 
viral  diseases.   DI  particles  have  not  been  reported  for  adenoviruses  or 
parvoviruses.   We  have  now  shown  that  the  incomplete  AAV  genomes  are  DI 
molecules.   Thus,  addition  of  light  particles  AAV  (1.35)  or  AAV  (1.32),  to 
cells  infected  with  AAV  (1.4)  particles  resulted  in  a  decreased  yield  of 
infectious  progeny  AAV.   Analysis  of  viral  DNA  in  infected  cells  shows  that 
this  inhibition  is  correlated  with  a  decrease  in  synthesis  of  intact  14.5  S 
AAV  DNA  and  an  increase  in  smaller  DI  DNA.   This  inhibition  of  intact  DNA 
synthesis  is  not  due  to  inhibition  of  viral  adsorption  as  measured  by  binding 
of  particles.   UV  irradiation  of  DI  particles  abolishes  interference  which 
shows  that  it  is  mediated  by  intracellular  replication  of  the  DI  genome. 

Also  DI  DNA  is  produced  only  in  the  presence  of  actively  replicating 
standard  AAV.   This  implies  that  AAV  capsid  protein  is  required  for  AAV  DNA 
progeny  strand  replication.   The  DI  particles  accumulate  during  high  multi- 
plicity passage  of  AAV. 

AAV  DNA  Replication  and  the  Involvement  of  Cellular  or  Viral-Induced  DNA 
Polymerases :   We  have  studied  _in  vitro  AAV  DNA  replication  complexes  isolated 
from  infected  VERO  cells  (a  monkey  cell  line)  using  either  adenovirus  or 
herpes  simplex  virus  as  a  helper.   The  adenovirus  helper  was  a  temperature- 
sensitive,  DNA-negative  mutant  H5tsl25.   AAV  replication  complexes  were 
isolated  by  lysing  infected-cell  nuclei  in  high  salt  and  the  detergent, 
emulgen-120.   This  releases  only  the  AAV  replication  complexes  into  the 
supernatant.   The  helper  virus  and  cellular  replication  complexes  remained  in 
the  nuclear  matrix  and  were  removed  by  centrif ugation.   The  isolated  repl- 
ication complexes  incorporate  iii  vitro  radioactive  label  from  deoxynucleoside 
triphosphate  precursors  mainly  into  AAV-specific  DNA  (>  90%  of  incorporated 
label).   Analysis  of  the  optimal,  in  vitro  incubation  conditions  for  salt, 
divalent  cation,  pH  and  the  action  of  certain  inhibitors  including  phospho- 
noacetic  acid  suggested  that  the  AAV  DNA  synthesis  (chain  elongation)  in  the 
complexes  from  adenovirus-helped  cells  was  due  to  the  cellular  y-DNA  poly- 
merase.  In  contrast,  the  DNA  synthesis  in  complexes  from  herpes  virus-helped 
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cells  appeared  to  be  due  to  the  herpes  virus  coded  DNA  polymerase.   This  was 
confirmed  by  solubilization  of  the  DNA  polymerase  activity  from  the  in  vitro 
complexes,  partial  purification  on  phosphocellulase  columns  and  assay  using 
appropriate  exogenous  templates.   This  showed  that  complexes  from  adenovirus- 
helped  cells  contained  mainly  cellular  y~DNA  polymerase  and  a  very  small 
amount  of  a-polymerase.   In  contrast,  the  complexes  from  herpesvirus  helped 
cells  contained  mostly  herpes  DNA  polymerase  activity  with  small  amounts  of 
cellular  a  and  y   polymerases.   Neither  type  of  complex  yielded  any  detectable 
cellular  8-DNA  poljnnerase  activity.   These  results  provide  the  first  example 
of  a  defined  genome  which  can  be  replicated  by  two  different  DNA  polymerases; 
one  a  cellular  enzyme  and  the  other  a  viral-coded  enzyme.   Also,  this  work 
shows  that  one  helper  factor  provided  directly  by  herpes  virus  for  the  defec- 
tive AAV  is  a  DNA  polymerase.   This  is  the  first  unambiguous  definition  of 
any  viral  helper  factor  for  AAV. 

Inhibition  of  Adenovirus  Tumorigenesis  by  AAV:   We  have  investigated  inhi- 
bition of  adenovirus  tumorigenesis  by  AAV.   Tumors  were  induced  by  subcu- 
taneous injection  of  adenovirus  12  (Adl2)  into  new-born  hamsters  at  48  hours 
after  birth.   We  have  confirmed  previous  reports  by  others,  that  injection  of 
purified  AAV  particles  at  24  hr.  prevents  tumor  induction  from  a  subsequent 
injection  of  Adl2  virions.   We  have  shown  in  addition  that  this  phenomenon  is 
multiplicity  dependent  with  respect  to  both  adenovirus  and  AAV.   We  have  also 
successfully  demonstrated  that  the  Adl2  tumor  induction  can  be  inhibited  by 
purified  AAV  DNA.   This  allows  us  to  determine  whether  a  specific  region  or 
sequence  in  AAV  DNA  is  responsible  for  this  tumor  inhibition.   As  a  first 
step,  AAV  DI  DNA,  containing  only  20%  of  the  left  or  right-hand  molecular  end 
of  the  AAV  genome  was  shown  to  effectively  inhibit  tumors.   This  suggests  the 
possibility  that  the  terminal  repetitions  in  AAV  DNA  are  responsible  for  the 
inhibition.   This  hypothesis  is  currently  under  direct  test.   Adl2  tumor 
induction  is  not  inhibited  by  calf  thymus  DNA,  fragmented  Adl2  DNA  (Ad2  is 
non-tumorigenic  in  hamsters)  or  poly  IC.   This  suggests  that  the  inhibition 
is  specific  to  AAV  DNA  and  is  not  the  result  of  an  immunological  adjuvant 
effect  or  interferon  induction.   If  the  specific  sequence  in  AAV  DNA  that  is 
responsible  for  this  effect  can  be  identified  it  may  provide  the  basis  for  a 
tumor  therapy  using  specific  polynucleotides. 

AAV  RNA  Transcription:   We  have  continued  our  studies  on  transcription  of 
AAV  mRNA  _in  vivo  using  human  KB  cells  infected  with  AAV  and  Ad2. 

Previous  studies,  which  showed  that  stable  AAV  RNA  synthesized  in  vivo 
anneals  only  to  the  DNA  minus  strand  between  0.18  and  0.88  map  units,  may  not 
have  detected  unstable  or  nascent  RNA.   Therefore,  AAV-infected  KB  cell 
lysates  were  fractionated  by  high  salt  precipitation  into  a  pellet  containing 
nascent  RNA  and  a  supernatant  RNA  fraction.   AAV  RNA  sequences  in  each  fraction 
were  hybridized  with  separated  strands  or  restriction  fragments  of  viral  DNA. 
Supernatant  RNA  contained  the  same  70%  of  the  minus  strand  sequence  as  the 
previously  mapped  stable  RNA.   Pellet  RNA  contained  sequences  from  nearly  all 
of  the  minus  strand  mapping  from  0.05  to  0.95  map  units  and  including  all  of 
the  sequence  of  the  stable  mRNA.   Neither  pellet  nor  supernatant  fractions      ^t 
contained  sequences  complementary  to  the  plus  strand  thus  suggesting  that       ^K 
transcription  is  assymetric.   The  pellet  RNA  is  presumably  a  precursor  to  the    - 
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supernatant  mRNA.   We  are  currently  remapping  the  genome  location  of  the 
stable  mRNA  to  determine  where  splicing  occurs  during  processing. 

We  have  continued  analysis  of  AAV  RNA  synthesis  in  an  in  vitro  system 
derived  by  sarkosyl  lysis  of  infected  cell  nuclei  in  0.1  M  salt.   This  released 
most  of  the  AAV  viral  transcription  complex  (VTC)  but  little,  if  any,  cellular 
or  adenovirus  transcription  activity.   Solubilized  complexes  required  all  4 
nucleoside  triphosphates  and  Mn   ,  were  maximally  active  at  23°C,  and  were 
completely  inhibited  by  actinomycin  D  or  a-amanitin  at  2  ug/ml.   Thus  AAV  RNA 
is  synthesized  by  RNA  polymerase  II.   Since  the  VTC  activity  was  insensitive 
to  heparin,  and  there  is  no  incorporation  of  y-label  from  ATP  or  CTP,  RNA 
chain  initiation  did  not  occur  but  extensive  chain  elongation  does  occur. 
The  VTC  sedimented  in  sucrose  gradients  at  about  16-20S  on  the  leading  edge 
of  the  AAV  replicating  molecules.   A  second  VTC  peak  at  lOS  may  be  complexes 
in  which  AAV  DI  molecules  are  the  template.   This  is  more  strongly  suggested 
by  experiments  in  which  AAV  DI  particles  are  added  at  the  time  of  infection 
resulting  in  decreased  16-20S  VTC  and  increased  lOS  VTC. 
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Project  Description: 

Murine  Cytogenetic  Studies 

Experiments  are  currently  being  performed  in  collaboration  with  Dr.  A. 
Steinberg  (NIAMDD)  to  determine  the  effects  of  the  NZB  genetic  background  on 
the  immunological  and  cytogenetic  status  of  hybrids  produced  by  crossing  the 
NZB  strain  with  the  nonautoimmune  DBA/2  strain.   The  NZB  strain  is  the  mouse 
model  for  the  human  autoimmune  disease,  lupus  erythematosus.   Hyperdiploidy 
was  observed  in  the  spleen  of  a  majority  of  NZB  mice  but  not  in  DBA/2  mice  at 
one  year  of  age.   In  crosses  of  NZB  with  the  DBA/2  strain,  hyperdiploidy  was 
observed  only  in  backcrosses  to  NZB.   Hyperdiploidy  appeared  to  be  determined 
by  a  recessively  inherited  trait  and  not  related  to  the  presence  of  other 
immunological  abnormalities  including;  splenomegaly,  hypergammaglobulinemia, 
spontaneous  antibodies  cytotoxic  for  T  cells  and  reactive  with  single-stranded 
DNA.  Abnormal  cells  were  not  present  in  Concanavalin  A  stimulated  48  hour 
spleen  cultures.   There  was  no  difference  in  the  in  vitro  sister  chromatid 
exchange  rate  between  the  autoimmune  NZB  strain  and  the  non-autoimmune  DBA/2 
strain.  Identification  of  NZB  chromosomes  by  banding  analysis  showed  that 
chromosomes  15  and  17  are  frequently  present  in  more  than  two  copies  in 
hyperdiploid  spleen  cells.   The  NZB  strain  also  had  a  reduced  C-banding  in  an 
autosomal  chromosome  pair.   The  results  of  these  studies  have  been  submitted 
for  publication.  These  studies  indicate  that  chromosomal  abnormalities  which 
occur  in  NZB  mice  may  be  useful  as  genetic  and  cytogenetic  markers. 

Further  investigations  are  under  way  to  determine  which  particular  cell 
type  is  involved  in  the  hyperdiploid  spleen.   Initial  investigations  indicate 
that  the  aneuploid  cell  is  not  a  T  or  B  lymphocyte.   ^H  v^tro  work  is  cur- 
rently under  way  to  establish  the  hyperdiploid  cells  in  culture. 

Murine  Immunogenetic  Studies 

The  appearance  of  naturally  occurring  thymocytotoxic  autoantibodies 
(NTA)  and  spontaneously  produced  antibodies  to  single-stranded  DNA  (ssDNA) 
was  studied  in  NZB  and  DBA/ 2  strains  and  their  F^  and  backcross  progeny.   NTA 
production  was  markedly  decreased  in  males;  however,  castrated  males  produced 
quantities  of  NTA  similar  to  those  of  females.   Because  the  amount  of  NTA  was 
influenced  by  sex  hormones,  it  was  necessary  to  gonadectomize  all  progeny  to 
determine  the  mode  of  inheritance.   These  studies  suggested  that  NTA  produc- 
tion was  determined  by  a  single  locus  with  a  gene  dosage  (codominant)  mode  of 
expression. 


The  spontaneous  production  of  antibodies  to  ssDNA  appeared  to  be  inheri- 
ted as  a  single  dominant  genetic  trait.   The  quantity  of  anti-ssDNA  was  also 
found  to  be  under  additional  regulation;  either  a  gene  dosage  effect  or  more 
likely  a  regulatory  gene.  The  genes  controlling  the  presence  and  quantity  of 
ssDNA  antibodies  were  not  linked  to  the  genes  controlling  the  appearance  of 
NTA.   In  addition  to  these  findings,  this  study  provides  evidence  for  the 
theoretical  claim  that  genetic  analyses  of  phenetypes  modified  by  sex  hormones 
are  best  analyzed  in  gonadectomized  progeny.   Further  investigations  are 
underway  with  the  use  of  recombinant  inbred  lines  to  try  and  map  the  location 
of  some  of  the  genes  involved  in  autoantibody  production. 
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Investigations  Into  the  Antigenic  Specificity  of  NTA 

Experiments  are  currently  being  performed  to  investigate  which  cells 
have  antigens  reactive  with  NTA.   Initial  studies  have  shown  that  NTA  is 
highly  cytotoxic  for  immature  lymphocytes  found  in  the  thymus.   After  48 
hours  of  culturing  in  the  presence  of  the  mitogen,  Concanavalin  A,  which 
induces  precursor  cells  to  differentiate  into  suppressor  cells  presumably  Ly 
23,  NTA  cytotoxicity  is  reduced.  In  collaboration  with  Dr.  H.  Cantor  (Harvard 
University,  Boston)  we  plan  to  investigate  the  specific  subset  of  lymphocytes 
that  the  spontaneously  produced  autoantibody  of  NZB  mice  is  specific  for. 
This  autoantibody  has  a  possible  widespread  experimental  use. 

Cytogenetic  Studies  in  Human  Lupus  Erythematosus  Patients 

Spleen  and  lymph  node  biopsies  obtained  from  patients  with  lupus  erythe- 
matosus are  currently  being  studied  for  the  presence  of  chromosomal  anoma- 
lies.  These  cells  are  also  being  grown  in  vitro  for  further  analysis. 

Hormones  and  X- linked  Immune  Response  Genes 

Currently,  it  is  generally  accepted  that  the  ability  to  respond  to 
immunization  with  single-stranded  DNA  (ssDNA)  complexed  to  methylated  bovine 
serum  albumin  (MBSA)  with  the  production  of  antibodies  is  linked  to  a  gene  on 
the  X  chromosome  of  mouse.  In  collaboration  with  Dr.  A.  Steinberg  (NIAMDD) , 
detailed  studies  have  been  carried  out  to  investigate  the  possibility  of 
hormonal  control  rather  than  X-linked  control  of  the  antibody  response  to 
ssDNA'MBSA.   We  studied  reciprocal  F  hybrids  of  NZB  X  DBA/2  strains.   In 
both  cases  the  males  were  low  responaers  tossDNA.   With  the  help  of  the  NIH 
Animal  Production  Unit,  large  numbers  of  NZB  mothered  F  and  DBA/2  mothered 
F^  hybrids  were  obtained  at  two  weeks  of  age.   These  animals  were  divided 
into  groups,  some  were  left  intact,  other  gonadectomized,  others  gonadecto- 
mized  and  their  hormones  replaced  with  silicon  capsules  containing  either 
testosterone  or  estradiol.   The  conclusions  of  this  study  are  presently  being 
compiled.   Tentatively,  the  conclusions  are  that  there  is  an  immunosuppres- 
sive effect  of  male  sex  hormones.   F  female  mice  that  usually  respond  to 
ssDNA  became  non-responders  when  they  were  gonadectomized  and  given  a  tes- 
tosterone implant. 

Further  investigations  into  the  immunoglobulin  subclass  produced  is 
underway.   In  collaboration  with  Dr.  Rose  Lieberman  (NIAID)  we  will  investi- 
gate a  possible  linkage  with  immunoglobulin  allotype. 
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studies  in  NZB  mice.  I.   Spontaneous  autoantibody  production.   Journal  of 
Experimental  Medicine  147:  1487-1502,  1978. 

Steinberg,  A.D.,  Klassen,  L.  W. ,  Raveche,  E.  S. ,  Gerber,  N.  L.,  Reinertsen, 
J.  L. ,  Krakauer,  R.  S.,  Ranny  D.  F.,  Gershwin,  M.  E. ,  and  Reeves,  J.  P.: 
Study  of  multiple  factors  in  the  pathogenesis  of  autoimmunity  in  New  Zealand 
mice.   Arthritis  and  Rheumatism  (in  press) . 
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i 


342 


P'- 5-6040 


ZOl  AM  21,013-01  LEP 
Project  description: 

The  principal  investigators  were  Drs.  J.  Ramseur,  C.  Graveling,  T.  Chai, 
M.  Zasloff,  J.  Dankersloot,  E.  Brown,  P.  Murtaugh,  L.  de  la  Maza,  J.  Reichen, 
and  C.  Tabor. 

1.  One  problem  was  to  evaluate  by  electron  microscopic  means  any  size 
variation  or  other  morphological  characteristics  of  VSV  generated  by  pro- 
longed infection  of  Ly  cells  with  VSV.   This  type  of  infection  should  increase 
the  liklihood  of  DI  particles  characteristic  of  VSV  infection  in  Ly  cells  if 
they  are  produced  in  significant  numbers.   We  examined  viral  particles  from 
plaque-purified  wild-type  VSV  and  from  a  prolonged  infection  and  found  no 
particles  in  the  size  range  of  DI  forms.   No  significant  differences  in  sizes 
of  viruses  derived  from  the  two  sources  was  noted. 

2.  In  the  study  with  2  f luorohistidine,  a  reversable  bone  marrow  de- 
pressant, it  was  necessary  to  determine  whether  or  not  its  effect  on  certain 
tissues  could  be  shown  morphologically  as  well  as  functionally.   Balb  C  mice 
were  used  in  a  time  course  study  and  the  bone  marrow,  spleen,  thymus  gland 
and  lymph  nodes  were  examined  by  electron  microscopy. 

3.  We  examined  certain  tissues  of  P388  (lymphocytic  leukemia)  infected 
mice. 

4.  Part  of  the  study  of  2  f luorohistidine  involved  localization  of 
site  of  action  of  the  chemical.   We  were  involved  in  initial  studies  and 
preparation  of  tissues  for  further  studies  by  microprobe  electron  techniques. 

5.  We  examined  microscopic  preparations  of  rodent  cortex  by  electron 
microscopy  in  an  attempt  to  distinguish  synaptosomes  from  other  specific 
morphological  particles. 

6.  Dr.  Chai  asked  that  we  determine  the  morphological  characteristics 
the  bacteriophage  which  he  was  investigating. 

7.  Dr.  Zasloff  requested  that  we  do  a  morphological  survey  of  chicken 
reticulocyte  nuclei. 

8.  Dr.  Donkerslott  is  investigating  certain  strains  of  Streptococci  and 
Actinomyces  which  are  thought  to  be  important  in  dental  disease.   He  requested 
a  morphological  screening  of  some  of  these  organisms. 

9.  We  examined  preparations  of  parathyroid  secretory  granules  for  Dr. 
Brown. 

10.  In  the  study  on  the  effects  of  thrombin-like  enzymes  on  Lamprey 
fibrinogen,  we  investigated  the  morphological  characteristics  of  lamprey 
fibers  produced  by  the  removal  of  f ibrinopeptides  A,  B,  or  both  from  lamprey 
f ibrinogenesis  by  thrombin  or  thrombin-like  enzymes.   Results  from  both 
chemical  anslysis  and  electron  microscopic  observations  of  variously  treated 
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polymerization  products  indicated  that  while  overall  resulting  fibrin  fiber 
formations  appear  to  have  similar  physical  characteristics,  possible  variances 
exist  in  the  overall  structure  of  the  fibrinogen  molecule  during  evolution 
which  may  contribute  to  its  mode  of  coagulation. 

11.  When  cells  infected  with  adenovirus  and  adeno-associated  virus  (AAV) 
are  banded  in  CsCl  density  gradients,  two  AAV  infectious  bands  at  densities 
of  1.41  and  1.45  g/cc  can  be  detected.   In  addition  AD  and  "light"  AAV  parti- 
cles band  at  densities  of  1.35,  1.32,  1.30,  and  1.28  g/cc.   Electron  micro- 
scopic studies  were  performed  to  determine  the  structural  morphology  of  each 
of  these  bands.   The  1.41  and  1.45  bands  contained  varying  amounts  of  empty 
particles.   The  1.25  band  was  found  to  contain  full  AD.   The  main  components 
of  the  other  three  lighter  bands  appear  to  be  AD  capsomeres.   AAV  particles 
were  also  found  in  the  1.32  and  1.30  bands  although  a  large  proportion  of 
them  appear  as  empty  capsids. 

12.  In  a  study  on  the  binding  of  organic  anionic  dyes  to  certain  mem- 
brane fractions,  it  was  necessary  to  determine  whether  or  not  such  fractions 
were  relatively  free  of  other  membraneous  organelles,  etc.   Study  was  there- 
fore initiated  in  which  canalicular  enriched  and  sinusoidal  enriched  rat 
liver  plasma  membrane  fractions  were  embedded  and  eventually  screened  for 
relative  purity  by  electron  microscopy. 

13.  In  addition,  in  a  study  on  the  effect  of  microfilament  inhibitors 
and  microtubule  inhibitors  on  Taurocholate  uptake  by  isolated  hepatocytes,  it 
was  required  that  we  do  a  continuous  electron  microscopic  screening  of  the 
effects  of  different  treatments  on  the  morphological  appearance  of  the 
hepatocytes. 

14.  During  a  morphological  examination  of  various  strains  of  E^  coli  to 
determine  the  presence  or  absence  of  Flagella,  it  was  noted  that  certain 
cultures  appeared  to  contain  an  incomplete  bacteriophage.   These  appeared  as 
hexagonally  shaped  bodies  without  the  tail  usually  seen  in  T  phage  of  E. 
coli.   Since  these  cultures  were  used  in  certain  genetic  studies,  this 
observation  was  very  important.   We  continue  to  screen  organisms  to  determine 
whether  they  were  introduced  or  they  are  truly  part  of  the  particular  system. 
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SUMMARY  CF  WORK  (200  words  or  less  -  underline  keywords) 

Interferon  treatment  of  AKR,C~  cells  was  followed  by  the  establishment 
of  an  antiviral  state  and  apparently  concomitant  morphological,  physical,  and 
biochemical  alterations  of  the  cell  plasma  membrane.   The  density  of  the 
plasma  membrane  was  significantly  altered,  and  the  concentration  of  some 
plasma  membrane  glycoproteins,  and  the  number  of  intramembranous  particles 
observed  in  freeze-f racture  electron  micrographs  were  increased.   A  parallel 
increase  in  the  concentrations  of  intramembranous  particles  and  the  resis- 
tance to  viral  infection  during  interferon  treatment  as  well  as  their  parallel 
removal  of  interferon  was  suggestive  of  a  relationship  between  the  particle 
density  and  the  establishment  of  the  antiviral  state. 
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Project  description: 

Interferon  treatment  of  RNA  tumor  viruses  infected  cells  caused  an        ^m 
unusual  inhibition,   which  may  be  related  to  interferon- induced  changes  in     ^^ 
the  plasma  membrane.   In  some  systems  murine  leukemia  virus  (MLV)  appeared  to 
accumulate  at  the  surface  of  interf eron-treated  cells.   This  resulted  in  a 
decreased  production  of  MLV  with  an  increase  in  the  intracellular  concentration 
of  viral  p30  antigen.   In  other  systems  virus  particle  production  in  interferon- 
treated  cells  was  quite  close  to  that  in  untreated  cells,  but  the  infectivity 
of  the  particles  was  markedly  decreased.   Moloney  MLV  produced  in  interferon- 
treated  TB  cells  contained  a  much  higher  concentration  of  a  glycoprotein  with 
a  molecular  weight  of  85,000  (gp  85)  than  did  normal  virus.   Since  gp  85  may 
be  a  precursor  of  gp  69/71  and  is  a  membrane-associated  protein,  it  is  possible 
that  this  alteration  may  be  related  to  an  inhibition  of  the  cleavage  of  the 
membrane-associated  gp  85;  therefore,  the  appearance  of  excess  gp  85  in  virus 
produced  in  interf eron-treated  cells  may  also  be  related  to  an  alteration  in 
the  plasma  membrane. 

We  have  investigated  alterations  in  the  plasma  membrane  of  uninfected 
mouse  cells  following  their  treatment  with  interferon.   We  observed  an  increase 
in  the  buoyant  density  of  the  plasma  membranes  of  interf eron-treated  cells. 
This  increase  was  not  correlated  with  any  qualitative  alterations  in  the       ^F" 
composition  of  the  protein  or  glycoproteins  of  the  plasma  membranes.   Possibly  |p 
accounting  for  the  shift  in  density,  however,  was  the  finding  that  in  the 
interf eron-treated  cells  the  two  major  glycoproteins  of  the  plasma  membrane 
were  significantly  increased  in  concentration.   Since  these  glycoproteins 
resembled  in  molecular  weight  glycophorin  and  band  3  which  are  thought  to 
make  up  the  intramembranous  particles  seen  in  freeze  fracture  analysis  of 
red  cell  membranes,  we  also  investigated  whether  the  increased  physical 
density  of  the  plasma  membranes  of  interf eron-treated  AKR  mouse  cells  was 
correlated  with  an  increased  concentration  of  intramembranous  particles  per 
unit  area.   Our  findings  indicated  that  interferon-treated  cells  did  indeed 
contain  a  significantly  higher  concentration  of  intramembranous  particles 
than  are  normally  present  in  AKR  cells.   We  also  demonstrated  that  interferon 
treatment  of  AKR, C   cells  lead  to  the  establishment  of  an  antiviral  state  and 
concomitant  alteration  of  the  cell  plasma  membrane. 

Publications : 

Friedman,  R.  M. ,  Jay,  F.  T. ,  Chang,  E.  H. ,  Myers,  M.  W. ,  Ramseur, 

J.  M.  ,  Mims,  S.  J.,  Triche,  T.  J.,  Wong,  P.  K.  Y.:   Interferon-  ^p 

Directed  Inhibition  of  Chronic  Murine  Leukemia  Virus  Production  in  j^B 

Cell  Cultures.   In  Chirigos,  M.  A.  (Ed.):  Control  of  Neoplasia  "^ 

by  Modulation  of  the  Immune  System.   Raven  Press,  New  York,  1977, 

pp.  347-359. 


Wong,  P.  K.  Y. ,  Yuen,  P.  H. ,  Macleod,  R. ,  Chang,  E.  H. ,  Myers,  M. 
W. ,  and  Friedman,  R.  M. :   The  Effect  of  Interferon  on  de  novo 
Infection  of  Moloney  Murine  Leukemia  Virus.   Cell.  10:  245-252, 
1977. 
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The  inhibitory  effect  of  interferon  on  a  temperature-sensitive 
mutant  of  Moloney  murine  leukemia  virus.   Virology.  77:  625-636, 
1977. 

Chang,  E.  H. ,  and  Friedman,  R.  M. :   A  large  glycoprotein  of  Moloney 
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Biophys.  Res.  Commun.   77:  392-398,  1977. 
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SUMMARY  Or  WORK  (200  -ords  or  less  -  underline  keywords) 

Using  antisera  obtained  from  rats  bearing  Rous  sarcoma  virus-induced  tumors, 
we  have  identified  in  chick  embryo  fibroblasts  transformed  by  a  non-defective 
Rous  sarcoma  virus  a  protein  of  molecular  weight  56,000,  not  found  in  cells 
infected  by  transformation  defective  mutants  with  a  partial  or  complete  deletionJfc 
of  the  src  gene,  or  in  cells  infected  with  a  non-transforming  avian  leukosis  virM| 
This  protein  appeared  to  be  specific  to  cells  transformed  by  Rous  sarcoma  virus. 


In  studies  on  SV40  early  antigens,  Ad2  NDj  induced  in  infected  cells  two 
SV40     ■- ■     -       '     -      -     -- 
induced 
to  induce  the  SV40-specif ic  tumor  antigen  in  mice. 
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Transformation-specific  protein  induced  by  Rous  sarcoma  virus.   Rous  sarcoma 
virus  induces  tumors  in  chickens  and  a  variety  of  mammalian  species  and 
causes  transformation  in  cultured  cells.   These  activities  have  long  been 
shown  by  genetic  studies  to  be  attributed  to  the  presence  of  the  src  gene. 
Using  antisera  obtained  from  rats  bearing  Rous  sarcoma  virus-induced  tumors, 
we  have  identified  in  extracts  of  chick  embryo  fibroblasts  transformed  by  a 
nondefective  Rous  sarcoma  virus,  a  protein  with  an  apparent  molecular  weight 
of  56,000  and  an  isoelectric  point  of  6.3.   This  protein  was  not  found  in 
cells  infected  by  transformation-defective  mutants  with  either  a  partial  or 
complete  deletion  of  the  src  gene,  nor  in  cells  infected  by  a  non-transforming 
avian  leukosis  virus.   This  56K  protein  was  found  to  be  induced  at  both  the 
permissive  and  nonpermissive  temperatures  in  cells  infected  by  either  of  two 
conditional-lethal  mutants  that  are  temperature-sensitive  in  cell  transfor- 
mation.  However,  the  relative  amounts  of  this  protein  accumulated  in  cells 
infected  by  these  ts-mutants  differed  significantly  from  that  seen  with  the 
nondefective  virus.   Pulse  chase  experiments  indicate  that  this  protein  is 
extremely  unstable,  with  a  half-life  of  less  than  fifteen  minutes,  and  does 
not  serve  as  a  precursor  to  any  of  the  detectable  virion  polypeptides. 
Furthermore,  incubation  of  the  rat  antiserum  with  purified  disrupted  virus 
did  not  affect  its  immunoreactivity  to  this  56K  protein.   We  concluded  that 
this  56,000  molecular  weight  protein  is  a  non-structural  protein  specific  to 
cells  transj-ormed  by  Rous  sarcoma  virus. 

Studies  on  Simian  Virus  40  early  antigens.   We  have  previously  reported  that 
Ad2  ND^  induced  in  infected  cells  two  SV40  specific  polypeptides  of  42K  and 
56K  mw;  and  that  Ad2  ND   induced  a  28K  polypeptide.   Their  biosynthesis, 
subcellular  localization  were  studied  and  discussed  with  respect  to  their 
possible  functions.   We  have  begun  a  systematic  study  to  correlate  the 
immunologically-detected  SV40  e^rly  antigens  with  the  biochemically  detected 
polypeptides  induced  in  the  Ad2'ND  hybrids  and  to  study  the  biological 
activities  of  these  antigens  and  their  interactions  with  the  host  in  order  to 
understand  the  biological  controls  which  affect  the  outcome  of  a  viral 
infection.   Cells  transformed  by  simian  virus  40  (SV40)  possess  a  tumor- 
specific  transplantation  antigen(s)  (TSTA)  which  has  the  property  of  immun- 
izing animals  against  S3rageneic  tumor  challenge.   We  find  that  the  early  SV40 
DNA  segment  present  in  Ad2  ND^  ,  is  sufficient  to  induce  this  SV40-specif ic 
TSTA  in  BALB/c  mice.   Moreover,  studies  on  the  intracellular  distribution  of 
TSTA  activity  in  Ad2  ND  -infected  cells,  as  determined  by  the  ability  of 
various  subcellular  fractions  to  immunize  mice  against  syngeneic  tumor 
challenge,  have  suggested  a  correlation  between  this  biological  activity  and 
the  presence  of  the  SV40-specif ic  28,000  M  protein  coded  by  this  hybrid 
virus.   Both  the  TSTA  activity  and  the  28,5oO  M  protein  are  found  in  the 
plasma  membrane  fraction  and  in  the  perinuclear  region  of  infected  cells,  but 
are  virtually  undetectable  in  the  cytoplasmic  fraction.   Using  a  hamster 
antitumor  serum  that  can  specifically  immunoprecipitate  the  28,000  M 
protein,  we  are  able  to  demonstrate  a  loss  of  TSTA  activity  concomitant  with 
the  removal  of  this  SV40-coded  protein.   Thus,  it  appears  that  the  antigenic 
determinants  responsible  for  SV40-specif ic  tumor  rejection  in  mice  are 
contained  within  the  28,000  M  polypeptide  coded  by  the  early  SV40  segment 
which  extends  from  0.17  to  0.28  map  units. 
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LABORATORY  OF  CHEMICAL  BIOLOGY,  NIAMDD 
ANNUAL  REPORT:   OCTOBER  1,  1977  -  SEPTEMBER  30,  1978 

Work  has  continued  in  the  Laboratory  of  Chemical  Biology  on  chemical 
function  and  conformation  of  macromolecules ,  in  general  employing  the  same 
protein  systems  as  before  as  models.   These  studies  are  designed  to  help 
elucidate  the  details  of  the  process  of  protein  folding  and  of  the  aggregation 
of  similar  or  dissimilar  subunits  into  biologically  active  oligomers.   A  de- 
tailed effort  is  going  on  with  various  normal  and  abnormal  forms  of  hemoglobin, 
including  sickle  cell  hemoglobin,  fetal  hemoglobin  and  laboratory-made  deriva- 
tives containing  artificial  metalloporphyrins  that  induce  subtle  changes  in 
conformation. 

Also  continuing  are  studies  on  several  protein  systems  derived  from  the 
conveniently  grown  organism,  Paramecium  multimicronucleatum,  which  aim  to 
understand  some  of  the  properties  of  the  cell  surface  related  to  recognition 
and  mating  and  antigenic  variations  in  these  animals. 

Finally,  several  unrelated  studies  on  the  immuno chemistry  and  biochemical 
behavior  of  single-stranded  RNA  in  relation  to  systemic  lupus  erythematosus, 
protein  C3  of  the  complement  system,  and  radioimmunoassay  techniques  for  human 
serum  enzymes  have  been  extended. 

I.   Chemistry,  function  and  three-dimensional  conformation  of  macromolecules 

A.   The  dynamics  of  protein  conformation  (in  continuation  of  studies 
described  in  earlier  reports) 

Further  use  of  nuclease-T  has  proved  profitable.   Nuclease-T  is  produced  from 
staphylococcal  nuclease  by  controlled  trypsin  digestion  in  the  presence  of 
deoxythymidine-3' ,5 '-diphosphate  and  calcium  ions  and  consists  of  two  fragments 
which  associate  to  yield  an  active,  non-covalently  linked  recombinant.   In 
order  to  use  Nuclease-T'  as  a  testing  object  for  the  relationship  between 
the  Global  potential  function  (operating  in  the  ordered  structure  of  proteins 
and  binding  the  polypeptide  chain)  and  the  local  potential  functions  (con- 
trolling local  interactions  between  residues),  the  X-ray  diffraction  patterns 
of  crystalline  Nuclease-T'  have  been  investigated  at  17  planes  through  the 
reciprocal  lattice  and  the  data  from  approximately  7000  reflections  is  being 
treated.   In  an  attempt  to  crystallize  semisynthetic  Nuclease-T' ,  Nuclease-T- 
(6-48)  has  been  synthesized  and  purified  to  essentially  homogeneity  as  judged 
by  a  two-dimensional  peptide  map  of  a  tryptic  digest.   The  polypeptide  chain  of 
a  native  protein  is  ordered  while  that  of  a  fragment  is  disordered.   The 
mechanism  of  this  ordering  of  the  polypeptide  chain  is  not  well  understood. 
Generally,  only  the  ordered  polypeptide  chain  exhibits  biological  function. 
Thus,  understanding  interatomic  interactions  underlying  the  ordering  of  poly- 
peptide chains  is  fundamental  to  understanding  the  biological  functions  of 
proteins.   In  this  project,  we  have  developed  the  concept  of  the  global  poten- 
tial function  which  controls  the  ordering  of  the  polypeptide  chain.   On  this 
basis,  a  long  range  experimental  goal  has  been  set  in  order  to  relate  the  local 
interactions  between  residues  to  the  global  potential  function.  (Taniuchi) 

In  a  related  study  to  test  the  thermodynamic  stability  of  an  enzymically  active 
derivative  (LH  )  of  hen  egg  lysozyme,  containing  three,  presumably,  native 
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disulfide  bonds  and  carboxymethylated  cysteines  o  and  127,  three  different 
disulfide  bonded  forms  of  LH   (native,  reduced  and  "scrambled")  are  exposed  to 
the  same  concentration  of  g-mercaptoethanol  (1.5  mM)  which  permits  the  disul- 
fide interchange.   At  the  apparent  equilibrium  state,  all  three  samples  show 
similar  ratio  (3:2)  of  native  to  non-native  forms.   The  intermediates,  formed  ^E. 
during  thiol-catalyzed  renaturation  of, the  scrambled  disulfide  bonds,  have  been  ^p 
trapped  by  carboxymethylation  with  1-  C-iodoacetic  acid.   Analysis  of  the 
labeled  tryptic  peptides  obtained  from  the  renatured  forms  appears  to  indicate 
that  equilibrium  through  the  disulfide  interchange  between  the  native  and  non- 
native  isomers  containing  three  disulfide  bonds  and  two  sulfhydryl  groups  is 
the  main  event  of  this  renaturation.  (Acharya,  Taniuchi) 

B.   Conformational  studies  on  cytochrome  c^ 

A  second  protein  system  which  is  being  studied  in  detail  in  relation  to  con- 
formational dynamics  is  the  horse  heart  cytochrome  c^  molecule.   Previous  work 
has  shown  that  biologically  functional,  non-covalently  linked  complexes  of 
cytochrome  c_   are  generated  from  several  combinations  of  both  overlapping  and 
non-overlapping  fragments.   We  are  currently  using  fast  kinetic  techniques  to 
study  the  dynamic  events  leading  to  the  formation  of  an  ordered,  native-like 
structure.   Using  fluorescence  changes  to  monitor  the  reaction,  second  order 
kinetics  are  observed.   The  rate  constants  obtained  are  independent  of  the 
nature  of  the  apofragment,  but  are  strongly  dependent  on  the  nature  of  the 
heme-containing  fragment.   Thus  the  reaction  rate  is  identical  for  combination   ^_. 
of  (1-38)H  with  apofragments  (1-104),  (23-104),  and  (56-104),  and  for  combina-  ^ 
tion  of  (1-25)H  with  either  (1-104)  or  (23-104).   However  the  rate  constant     W' 
obtained  for  complexes  utilizing  (1-25)H  is  about  fifteen  times  larger  than 
that  observed  for  complexes  of  (1-38)H.   If  the  reactions  are  carried  out  in 
the  presence  of  imidazole,  the  rate  constant  for  (1-25)H  complexes  increases 
by  a  factor  of  two  while  the  rate  constant  for  (1-38)H  complexes  increases  by 
over  an  order  of  magnitude.   These  results  are  interpreted  to  suggest  that  the 
degree  of  interaction  of  the  heme  moiety  with  the  residue  of  the  same  chain  is 
an  important  factor  in  determining  the  rate  of  reaction  while  the  nature  of  the 
sixth  iron  ligand  has  little  effect  on  the  initial  rate  of  complex  formation. 
(Parr,  Taniuchi) 

In  order  to  develop  a  system  consisting  of  a  three  fragment  complex  composed 
of  the  heme  fragment  1-25,  the  apofragment  39-104  and  the  chemically  synthesized 
fragment  23-38,  for  the  study  of  the  conformational  dynamics  and  function  of 
cytochrome  £,  the  polypeptide  containing  the  amino  acid  sequence  of  residues 
23-38  of  cytochrome  c_  has  been  synthesized  using  the  Merrifield  solid  phase 
technique,  and  purified.   (Juillerat,  Taniuchi) 


Finally,  in  order  to  find  a  hypothetical  enzyme  (cytochrome  c   synthetase)  which 
would  catalyze  the  covalent  bonding  of  heme  to  apocytochrome  _c,  Rhodospir ilium 
rub rum  has  been  chosen  as  the  enzyme  source  and  the  source  of  the  apo-protein. 
Preliminary  experiments  have  been  carried  out,  including  isolation  of  cytochrome 
C-  from  the  organisms,  test  of  stability  of  apo  cytochrome  c   (horse  heart) 
and   C-monocarbamoylation  of  yeast  cytochrome  c^,  presumably  at  the  a-amino 
group.   (Basile,  Taniuchi) 
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C.   Protein  interactions  in  ribonuclease-S  and  neurophysin-neurohypo- 
physeal  hormone. 

These  research  activities  have  in  general  been  directed  at  two  basic  aspects  of 
protein  interactions,  one  the  characterization  of  these  processes  as  they  occur 
for  several  specific  protein  systems  and  second  the  development  of  methods  for 
use  in  such  investigations.   In  the  first  case,  major  efforts  have  been  made  to 
characterize  basic  principles  of  the  noncovalent  peptide-protein  interactions 
occurring  in  both  bovine  pancreatic  ribonuclease-S  ( [S-peptide]-[S-protein])  and 
mammalian  (pituitary)  neurophysins  ([neurophysin-neurohypophyseal  hormone]). 
Semisynthesis  studies  of  RNase-S,  a  project  involving  collaborative  X-ray  dif- 
fraction analysis  as  well  as  wide-ranging  in-lab  activity,  have  led  to  a  more 
fundamental  understanding  of  the  information  content  necessary  in  S-peptide 
for  proper  folding,  conformational  stabilization,  and  enzymic  activity  of 
'native'  RNase-S  complex.   For  the  neurophysins,  the  binding  site(s)  of  this 
class  of  proteins  for  hormone  (e.g.  vasopressin,  oxytocin)  is  being  structurally 
mapped  in  a  photoaf f inity  labelling  study  using  photolabile  hormone  analogue. 
The  significance  of  the  peptide  hormone-neurophysin  complex  in  the  biosynthesis 
of  both  protein  and  hormone  is  being  investigated  by  the  use  of  purified  neuro- 
physin  antibodies  both  to  study  conformational  aspects  of  unfolding  and  refold- 
ing of  neurophysins  and  to  identify  neurophysin  precursors  which  may  also  be 
precursors  for  the  hormones.   (Chaiken) 

Special  attention  has  been  given  to  the  use  of  specific  antibodies  as  tools  in 
delineating  native  conformation  in  proteins  and  in  indicating  biosynthetic 
relatedness  among  protein  species.   Antineurophysin-Sepharose  matrices  (pre- 
viously reported)  have  been  used  to  isolate  from  bovine  hypothalamic  extracts, 
proteins  immunologically  related  to  the  neurophysins  and  expected  to  include 
precursors  to  the  neurophysins  if  they  exist.   High  molecular  weight  species 
binding  to  the  column  were  investigated  by  gel  electrophoresis,  isoelectric 
focusing  and  amino  acid  analysis.   An  unexpectedly  low  cysteine  content  (neuro- 
physin has  high  cysteine  content)  indicated  the  need  to  investigate  the  speci- 
ficity of  Sepharose-bound  antibodies  for  native  conformation  since  these  data 
suggest  the  binding  of  impurities  not  related  to  the  hormone-binding  protein. 
This  question  is  being  pursued  by  radioimmunoassay  studies  of  antibody  binding 
to  neurophysins  in  denatured  states  brought  about  by  various  degrees  of  inter- 
change among  the  disulfide  bonds  of  the  neurophysins.   In  related  studies,  anti- 
bodies prepared  against  thermolysin  and  two  large  fragments  of  this  protein 
have  been  used  in  immunodiffusion  assays  and  radioimmunoassays  to  study  con- 
formational properties  of  the  native  protein  as  well  as  the  fragments.   Affin- 
ity chromatographic  techniques  have  also  been  used  to  isolate  ribonuclease 
antibodies  specific  for  the  S-peptide  region  (residues  1-20) .   Competition 
experiments  have  been  carried  out  to  determine  the  precise  specificity  of  the 
antibodies  for  use  in  characterizing  semisynthetic  sequence  analogues. 
(Chaiken) 

Efforts  are  also  being  made  to  extend  techniques  for  the  use  of  antibodies 
specific  for  limited  regions  of  various  proteins  to  study  'domain'  interactions 
in  proteins.   This  work  involves  thermolysin  and  ribonuclease-S.   Experiments 
for  obtaining  information  on  the  stability  and  specificity  of  peptide-protein 
interactions  in  terms  of  noncovalent  contacts  and  conformational  flexibility 
involved  the  preparation  of  a  model  ribonuclease-S- (1-15)  peptide  by  the  solid 
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phase  technique.   The  amino  acid  sequence  of  this  model  peptide  is  polyalanine 
with  a  few  incorporated  residues  of  the  native  ribonuclease  sequence  that  are 
predicted  to  provide  critical  contacts  for  the  stability  of  the  complex,  and 
one  catalytically  essential  component.  His  12.   However,  the  amino  acid 
sequence  of  the  model  peptide  is  largely  altered  (6  out  of  15),  the  purified 
model  peptide,  as  expected,  foirmed  a  catalytically  active  noncovalent  complex 
(36%  of  native)  with  ribonuclease- (21-124) ,  with  ribonuclease- (21-124) ,  con- 
firming the  necessity  of  the  incorporated  native  amino  acid  residues  and  heli- 
cal for  the  formation  and  subsequent  stability  of  noncovalent  complexes.   Of 
the  conserved  amino  acid  residues,  the  functional  roles  of  Phe-8  and  His-12 
were  examined  closely  by  high  resolution  carbon  13  NMR  and  X-ray  crystallogra- 
phy.  Temperature  dependent  C-13  chemical  shifts  of  Phe-8  in  the  complex  were 
determined.   Such  temperature  dependent  chemical  shift  is  known  to  reflect  the 
thermodynamic  stability  of  a  local  conformation.   The  participation  of  His-12 
in  the  RNase-S  catalytic  mechanism  was  investigated  by  pH  dependent  catalytic 
activity  of  [4-F-His  12]SRNase-S' .   Conformational  equivalence  of  the  above 
complex  with  native  complex  is  now  being  studied  by  crystallography.   High 
resolution  Fourier  difference  map  of  the  two  complexes  is  now  being  refined 
by  Dr.  David  Richardson  of  Duke  University.   (Komoriya,  Chaiken) 

D.   Studies  on  human  hemoglobin 

Gelation  of  deoxyhemoglobin  S  within  an  SS  erythrocyte  is  believed  to  result  in 
the  cell  deformity  and  membrane  rigidity  characteristic  of  a  sickled  SS  ery- 
throcyte.  To  assess  the  antisickling  potential  of  various  agents  which  might 
be  competitive  inhibitors  of  deoxyhemoglobin  S  aggregation,  we  have  used  a 
kinetic  solubility  assay  for  hemoglobin  S.   To  date  we  have  found  that  aromatic 
amino  acids ,  phenylatanine-like  compounds  and  some  phenylalanine  containing  di- 
and  tri-pep tides  significantly  inhibit  gelation  of  deoxyhemoglobin  S.   Sur- 
prisingly, peptides  from  the  S  sequence  enhanced  gelation.   Because  the  kinetic- 
solubility  assay  probes  only  hemoglobin  solutions,   C  NMR  was  used  to  develop 
another  gelation  assay  which  would  also  be  useful  for  whole  cells.   These   C 
NMR  methods  use  new  decoupling  procedures  to  quantitate  the  mass  fraction  of 
freely  rotating  and  immobilized  hemoglobin  molecules.   Our   C  NMR  measurements 
indicate  a  smaller  percent  of  polymerized  hemoglobin  S  than  predicted  by  the 
kinetic-solubility  assay  determined  by  ultracentrifugation.   The  reasons  for 
this  discrepancy  are  under  study.   Nevertheless,  both  assays  are  valuable  tools 
for  studying  hemoglobin  interactions  in  solution  and  in  situ  and  more  gener- 
ally for  searching  for  a  therapeutic  antisickling  agent.   (Noguchi  and 
Schechter) 

Using  non-precipitating  monospecific  antibodies  we  are  studying  the  conforma- 
tions of  hemoglobins  in  solution  as  affected  by  various  physiological  and 
non-physiological  ligands.   Hemoglobin  A  and  A  have  been  isolated,  purified 
and  isotopically  labeled  either  by  carbamoylation  with  K  CNO  or  by  reductive 
alkylation  with  tritiated  borohydride.   A  specific  subpopulation  of  anti- 
hemoglobin  antibodies  has  been  isolated  by  affinity  chromatography  using  a 
synthetic  peptide  corresponding  to  a  (129-141)  and  has  been  used  in  a  radio- 
immunoassay to  study  conformational  changes  that  occur  during  oxygenation  at 
the  carboxy- terminus  of  a  chains.   These  antibodies  bind  with  an  affinity  of 
5x10  M  to  co-liganded    [C]  hemoglobin  and  have  been  shown  in  oxygen  asso- 
ciated studies  increase  the  oxygen  affinity  of  hemoglobin  without  affecting 
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the  Hill  coefficient.   A  second  subpopulation  of  antibodies  has  been  isolated 
(by  means  of  a  hemoglobin  A  immunoabsorbent  column)  that  react  specifically 
and  with  great  sensitivity  to  [H]-hemoglobin  A^.   These  antibodies  have  been 
used  in  a  displacement  radioimmunoassay  to  detect  hemoglobin  A-  levels  in 
serum  and  cells  and  to  differentiate  A^  from  other  normal  and  mutant  hemoglo- 
bins.  In  addition  to  these  immunologic  studies,  we  have  undertaken  investi- 
gation into  the  role  of  2,3  DPG  as  a  regulator  of  hemoglobin  oxygen  affinity. 
In  our  initial  studies  we  have  purified  the  three  enzymes  that  regulate  intra- 
cellular 2,3  DPG  levels  and  are  conducting  further  physico-chemical  studies  of 
them.   (Dean,  Schechter) 

Studies  with  a  purpose  similar  to  that  described  above  have  also  been  made  on 
hemoglobins  containing  non-biological  metal  components.   We  are  using  quanti- 
tative immunochemical  methods  to  locate  the  antigenic  determinants  on  hemoglo- 
bins A  and  S.   We  have  changed  the  metal  in  the  porphyrin  of  the  heme  group  in 
both  hemoglobins  and  are  studying  these  reconstituted  hemoglobins  by  quantita- 
tive precipitin  and  radioimmunoassay  to  see  if  any  significant  conromational 
changes  have  been  induced.   This  project  will  be  expanded  to  chemical  modifi- 
cation of  certain  amino  acid  residues  and  various  enzymatic  cleavages  to  test 
the  effects  of  these  procedures  on  the  binding  of  antibodies  against  the 
native  proteins.   These  studies  will  allow  us  to  detect  subtle  changes  in  the 
conformation  of  hemoglobins  with  zinc,  copper,  cobalt,  manganese  and  nickel 
metalloporphyrins.   The  metalloporphyrins  and  the  chemical  modification  studies 
should  allow  us  to  locate  antigenic  determinants  on  the  hemoglobin  molecules. 
In  addition  we  are  studying  the  effects  on  the  gelation  of  sickle  hemoglobin 
of  the  metalloporphyrin  substitutes.   The  metallohemoglobin  derivatives  which 
contain  copper,  cobalt,  manganese  and  iron  showed  complete  identity  with  anti- 
bodies raised  against  the  native  protein  as  shown  by  the  Oucterloney  studies. 
Protoporphyrin  IX,  nickel  and  apohemoglobin  showed  partial  identity  and  the 
results  with  the  zinc  derivative  are  not  conclusive.   Quantitative  precipitin 
curve  analyses  indicated  copper  hemoglobin  to  be  the  only  derivative  to  main- 
tain the  same  conformation  as  the  native  protein  while  all  of  the  others 
appear  to  be  altered  to  some  degree.   These  experiments  are  being  repeated 
for  more  conclusive  data  and  the  radioimmunoassay  which  is  being  prepared  will 
tell  us  precisely  the  degree  in  which  the  various  metallohemoglobin  derivatives 
differ  from  the  native  protein.   (Alston,  Schechter) 

E.   Human  fetal  hemoglobin 

Human  fetal  hemoglobin  (HbFO  differs  from  HbA  in  both  functional  and  structural 
aspects.   These  differences  are  evidenced  by  the  weaker  affinity  of  HbF  for 
2,3  diphosphoglyceric  acid,  and  by  the  non-participation  of  HbF  in  gel  forma- 
tion with  HbS.   We  are  using  immunoab sorption  with  hemoglobin  A  to  isolate 
non-precipitating  antibodies  specific  for  the  y   chains  of  hemoglobin  F  which 
do  not  cross  react  with-HbA  or  other  hemoglobins.   A  radioimmunoassay  using 
reductively  methylated   [H] -hemoglobin  F  and  synthetic  peptides  from  regions 
of  the  Y  chains  will  be  used  to  assess  the  specificity  of  binding.   The  anti- 
bodies will  be  useful  in  quantitating  small  amounts  of  HbF  in  standard  labora- 
tory procedures  and  in  prenatal  diagnosis  of  hemoglobinopathies.   Antibodies 
obtained  by  similar  methods  will  be  used  to  identify  mutant  hemoglobins  in 
cell  culture.   We  have  also  obtained  crystals  of  met-HbF  of  suitable  size  for 
X-ray  diffraction  sutdies.   The  specific  antibodies  and  X-ray  studies  will 
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give  information  on  the  conformational  and  surface  structural  characteristics 
of  HbF  which  are  the  basis  of  its  immunogenic  behavior.   (Eastlake-Dean, 
Schechter) 

II.  Studies  on  human  interferon 

Since  the  amount  of  interferon  in  biological  fluids  is  very  low,  one  goal  was 
to  produce  human  lymphoblastoid  interferon  in  large  quantities.   The  cell  line 
Namalva  was  induced  with  Newcastle  disease  virus,  strain  Bl.   The  growth  of 
Namalva  cells  to  volumes  of  200  liters  was  accomplished  using  the  pilot  plant 
facilities  (NIAMDD)  Bldg.  6  under  the  supervision  of  Mr.  David  Rogerson.   Sub- 
sequently interferon  was  produced  by  dilution  of  virus  induced  cultures  with 
serum-free  medium  to  final  volumes  of  up  to  800  liters.   These  preparations 
have  yielded  approximately  5-10  mg  lymphoblastoid  interferon.   Studies  examin- 
ing the  growth  of  Namalva  cells  in  serum-free  medium  are  also  in  progress.   It 
was  found  that  these  cells  were  capable  of  growing  in  at  least  one  serum-free 
medium.   Methods  for  the  purification  of  lymphoblastoid  interferon  from  the 
crude  tissue  affinity  chromatogrpahy,  gel  filtration,  isoelectric  focusing  and 
sodium  dodecyl  sulfate  polyacrylamide  gel  electrophoresis.  Lymphoblastoid 
interferon  has  been  partially  purified  to  at  least  3  x  10  units/mg.   Experi- 
ments are  now  in  progress  to  use  all  of  these  methods  to  achieve  a  homogeneous 
preparation  of  interferon.   A  solid  phase  sequencer  has  been  installed  and  is 
in  the  process  of  testing  so  that  this  methodology  will  be  available  as  soon 
as  a  fraction  of  a  milligram  of  essentially  pure  interferon  has  been  accumu- 
lated.  Current  methodology  for  protein  sequence  determination  has  reached  the 
point  where  even  such  small  quantities  are  generally  sufficient  for  the  deter- 
mination of  at  least  the  first  few  dozen  residues  in  a  chain.   If  this  much 
of  the  sequence  can  be  determined,  the  fragment  can  be  syntehsized  and  used 
for  the  isolation  of  an  antibody  from  crude  anti- interferon  immunoglobulin 
which  will  then  provide  for  greatly  improved  purification  techniques  and  a 
radioimmunoassay  for  this  substance.   (Anfinsen,  Bridgen,  Pradhan,  Smith,  Zoon) 

III.  Proteins  of  Paramecium  multimicronucleatum 
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The  ciliate  protozoan  Paramecium  tetraurelia  was  previously  shown  to  contain 
a  heme-pigment  which  had  similar  spectroscopic  properties  to  mammalian  myo- 
globins and  hemoglobins.   Subsequent  studies  in  our  laboratory  showed  the  heme 
protein  to  exist  in  five  electrophoretic  forms  with  isoelectric  points  of 
5.54,  5.18,  4.98,  4.51  and  4.16,  respectively.   Analysis  of  partially  purified 
mixture  of  the  myoglobin  isozymes  from  Paramecium  by  SDS  gel  electrophoresis 
suggested  a  single  molecular  weight  species  of  approximately  16,000  daltons. 
The  present  project  concerned  the  purification  of  all  five  myoglobin  forms  in 
pure  form  and  their  physical  and  chemical  characterization  by  various  tech- 
niques.  The  molecular  weight  determinations  on  the  isolated  species  showed  no 
significant  differences.   The  average  molecular  weight  value  calculated  for  all 
determinations  by  sedimentation  equilibrium  was  15,000  daltons.   The  amino  acid 
composition  does  not  appear  to  reflect  any  significant  differences  for  the  17 
residues  analyzed.   The  spectral  properties  are  very  similar  to  those  of  hemo- 
globins and  myoglobins  characterized  to  date  lead  to  the  conclusion  that  the 
five  electrophoretic  species  isolated  from  Paramecium  are  mono-heme,  single 
polypeptide  chains  of  15,000  molecular  weight.   (Steers) 
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When  cells  of  complementary  mating  type  are  mixed  they  undergo  a  specific 
agglutination  as  a  first  step  in  a  series  of  events  which  ultimately  result  in 
a  reciprocal  exchange  of  nuclei  and  mitosis.   The  cell-cell  interaction  is 
highly  specific  and  involving  only  the  cilia  localized  along  the  oral  surface 
of  the  cells.   Following  agglutination,  the  cells  separate  from  the  clumps 
forming  pairs.   Pair  formation  is  characterized  by  a  fusion  of  the  membranes 
along  the  oral  suture.   The  initial  recognition  by  complementary  cells  through 
ciliary  contact  has  led  us  to  develop  a  procedure  for  the  isolation,  in  pure 
form,  of  reactive  cilia  free  from  cell  bodies  or  other  cellular  debris.   A 
biological  assay  has  now  been  developed  using  the.  isolated  reactive  cilia  to 
localize  the  reactive  regions  in  intact  cells  as  well  as  monitoring  the  reac- 
tivity of  isolated  subcellular  fractions.   Results  of  such  assays  show  a  zone 
of  reactivity  along  the  anterior-oral  suture  of  mating  reactive  cells.   Experi- 
ments designed  to  characterize  the  membrane-bound  (ciliary)  agglutin(s)  are 
currently  in  progress.   Concurrent  with  our  studies  on  the  ciliary  agglutin(s) , 
we  have  developed  a  series  of  immune  sera  which  inhibit  both  the  initial 
agglutination  reaction 'and  subsequent  pair  formation.   Absorption  assays  have 
been  developed  using  specific  immune  sera  and  mating  reactive  cells  which 
allowed  us  to  begin  fractionation  studies  of  cellular  extracts.   These  studies 
have  resulted  in  the  identification  and  partial  purification  of  two  antigens 
which  are  localized  on  the  cell-body  membrane  and  appear  to  be  involved  in  the 
specific  cell-cell  interactions  involved  in  mating.   Immune  sera  has  been 
raised  against  the  two  "blocking"  antigens  in  an  effort  to  develop  separate 
assays  for  the  two  substances.   Cellular  extracts  from  highly  reactive  cells 
have  been  fractionated  by  a  combination  of  ammonium  sulfate  precipitation  and 
ion-exchange  chromatography  resulting  in  the  separation  of  the  two  separate 
"blocking"  antigens  and  specifically  localize  them  within  the  cell  membrane. 
(Steers,  Barnett) 

When  paramecia  are  placed  in  dilute  homologous  antisera,  they  become  immobil- 
ized and  eventually  die.   This  reaction,  the  immobilization  reaction,  is  the 
result  of  a  specific  interaction  between  homologous  antibodies  and  the  immobil- 
ization antigen  (i-antigen)  located  on  the  surface  of  the  cell.   The  i-antigen 
is  distributed  ovee  90  percent  of  the  cell  membrane.   While  a  clonal  population 
of  cells  has  been  shown  to  express  only  one  antigen  (serotype)  at  any  given 
time,  individual  cells  are  capable  of  expressing  upwards  of  twelve  different 
antigens  giving  use  to  the  phenomenon  of  antigenic  variation.   A  systematic 
phenomenon  of  antigenic  variation  has  now  been  shown  to  exist  in  several 
species  of  protozoa  including  both  the  free-swimming  forms  such  as  paramecia 
and  the  parasitic  forms,  such  as  trypanosomes.   The  i-antigen  (designated  C) 
from  £.  multimicronucleatum  was  purified  by  a  combination  of  ammonium  sulfate 
precipitation,  ion-exchange  chromatography  and  isoelectric  focusing.   While 
extensive  studies  have  been  carried  out  on  several  i-antigens  from  the  P_. 
multimicronucleatum  show  it  to  be  a  large,  water  soluble  molecule  of  approxi- 
mately 300,000  molecular  weight  with  an  isoelectric  point  of  4.1.   A  compari- 
son of  this  i-antigen  with  the  A,  i-antigen  of  P^.  tetraurelia^.  also  isolated 
in  laboratory,  show  a  close  homology  between  the  two  molecules.   (Steers, 
Barnett) 
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IV.   Individual  unrelated  studies 

A.  Protein  C3  of  the  complement  system 

The  ability  of  phagocytic  cells  to  recognize  an  invading  cell  is  attributed 
in  part  to  the  interaction  between  a  form  of  the  complement  protein  C3  and  cell  ^^ 
surface  receptors  for  this  protein.   Our  interests  in  these  processes  have  been  ^P. 
two-fold:   1)  to  measure  the  kinetic  and  equilibrium  parameters  of  interaction 
between  C3  and  its  several  activation  fragments  with  their  receptors  on  human 
cells  and  2)  to  identify  the  chemical  mechanism  by  which  C3  attaches  to  a 
target  cell  membrane.   Native  C3  has  been  isolated  from  human  plasma  and  the 
activation  fragments  C3b,  C3c,  and  C3d  purified  from  limit  proteolytic  digests 
of  C3.   C3  and  C3b  have  been  radiolabeled  and  specific  binding  to  human 
erythrocytes  and  B  lymphocytes  measured  by  direct  methods.   Under  the  condi- 
tions of  measurement  the  binding  of  either^ligand  was  saturable  reaction  with 
an  apparent  association  constant  of  1  x  10  M  .   Specific  antibodies  have 
been  prepared  to  each  of  these  fragments  and  have  been  used  to  develop  sensi- 
tive radioimmunoassays.   We  are  presently  investigating  the  possibility  that 
a  covalent  bond  between  C3b  and  the  membrane  may  be  formed  as  a  result  of 
transesterification.   We  have  detected  a  single  sulfhydryl  group  upon  either 
enzymatic  conversion  of  C3  to  C3b  or  treatement  of  C3  with  hydroxylamine  or 
hydrazine.   It  is  our  hypothesis  that  this  sulfhydryl  group  is  important  to 
the  activation  of  an  acyl  group  within  the  C3  protein  and  its  subsequent 
transfer  to  components  of  the  membrane.   (Tack,  Lorenz,  Schechter) 

B.  A  model  for  radioimmunoassay  of  human  serum  enzymes  ^t' 

Enzyme  purification  steps  yielded  about  10  mg  of  essentially  pure  muscle 
creatine  kinase  and  about  40  mg  of  essentially  pure  brain  creatine  kinase. 
The  enzymes  behaved  as  single  bands  on  disc  gel  elec-trophoresis  and  the  amino 
acid  composition  was  similar  to  that  previously  reported  for  these  enzymes. 
The  molecular  mass  of  each  was  about  80,000  daltons  as  determined  by  SDS-poly- 
acrylamide  electrophoresis.   Antibodies  to  each  were  obtained  in  good  titer. 
I  labeling  of  each  enzyme  was  accomplished  with  the  Bolton-Hunter  reagent 
and  a  double- antibody  radioimmunoassay  was  developed.   The  MM  immunoassay 
showed  no  cross-reactivity  with  BB  enzyme  and  only  15%  cross-reactivity  with 
the  MB  hydrid.   In  50  healthy  people  enzyme  activity  has  a  0.94  correlation 
coefficient  with  the  radioimmunoassay  determination,  with  normal  values  of  33 
to  528  ng  per  ml  of  serum.   The  BB  immunoassay  showed  no  cross-reactivity  for 
MM  enzyme  and  5-15%  cross-reactivity  with  MB.   Minimal  detectable  amounts  were 
1.2  ng/ml  of  serum  (in  100  ml).   This  allowed  the  measurement  of  BB  in  healthy 
people  and  patients  since  normal  levels  appear  to  be  2  to  11  ng/ml.  (Schechter) 

C.  Immunochemical  and  biochemical  studies  of  RNA 

We  have  studied  single  stranded  (ss)  RNA  binding  immunoglobulins  in  the  sera 
of  patients  with  systemic  lupus  erythematosus  as  part  of  a  project  to  obtain 
antibodies  with  conformational  specificity  for  nucleic  acids.   The  antibody 
population  that  bound  polyribonucleotides  and  the  population  that  bound  poly- 
deoxyribonucleotides  appear  to  be  distinct.   The  anti-ss-RNA  antibodies 
preferentially  bound  native  ssRNA  (as  compared  with  synthetic  polyribonucleo- 
tides) with  an  increasing  affinity  for  the  higher  molecular  weight  RNA's.   We   ^^ 
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have  also  developed  an  assay  for  detection  of  specific  RNA  antibodies,  produced 
in  vitro  by  spleen  cells  from  old  female  NZB/NZW  Fl  mice.   This  assay  enables 
one  to  test  the  effect  of  different  therapeutic  agents  at  the  immediate  site 
of  antibody  synthesis.   In  related  studies  of  nucleic  acid  purification,  we 
have  shown  that  gel  bound  ethidium  bromide,  a  nucleic  acid  intercalating  agent, 
can  interact  with  transfer  ribonucleic  acid  and  this  interaction  can  be  used 
as  a  basis  for  column  chromatographic  fractionation.   (Schechter) 
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Project  Description: 

Growth  of  Namalva  Cells  and  Production  of  Lymphoblastoid  Interferon. 
Namalva  cells  were  grown  at  37aC  in  RPMI  1640  supplemented  with  25  inM  HEPES 
and  10%  heat  inactivated  (56aC/30  min)  fetal  calf  serum  in  either  17  liter 
carboxy  (10  liters  of  culture)  or  in  a  100  gallon  stainless  steel  fermenter 
(200  liters  of  culture).   At  saturation  density  (1.6-2.5  x  10  cells/ml)  the 
cultures  were  induced  with  Newcastle  disease  virus,  strain  Bl  (25  hemagglu- 
tination units /lO  cells)  and  after  1  hr  were  diluted  to  approximately 
5  X  10  cells/ml  with  serum-free  medium  (RPMI  1640) .   The  culture  was  then 
incubated  an  additional  26-39  hr  at  35aC.   Using  this  dilution  procedure  as 
described  in  J.  Clin.  Micro .  1_,    44,  1978,  for  the  production  of  lymphoblastoid 
interferon,  the  interferon  yield  per  cell  was  increased  2-4  fold  over  that  of 
saturation  density  cultures.   The  production  costs  were  reduced,  and  further- 
more, the  purification  was  aided  by  increasing  the  biological  specific  activity 
of  the  lymphoblastoid  interferon  in  the  crude  tissue  culture  fluid.   The  inter- 
feron containing  culture  fluids  were  harvested  by  centrifugation  using  De  Laval 
centrifuges  Models  Gyrotest  and  108.   Maximum  yields  of  2-4  x  10  units  per 
culture  were  obtained  using  this  procedure. 

Recent  studies  have  shown  Namalva  cells  can  be  grown  to  cell  densities 
of  3-4  X  10  cells /ml  in  serum-free  medium  (RPMI  1640  supplemented  with  methyl 
cellulose,  primatone,  and  bovine  serum  albumin).   Induction  of  these  cultures 
with  Newcastle  Disease  Virus  results  in  interferon  titers  of  2-10  x  10  units/ 
ml  following  a  15  hr  incubation  period  at  37aC.   The  dilution  procedure  des- 
cribed above  does  not  appear  to  increase  the  yield  of  interferon  per  cell  in 
cultures  grown  in  serum-free  medium.   Since  the  production  of  interferon  in 
serum-free  medium  eliminates  contaminating  serum  proteins,  this  procedure 
should  aid  in  the  purification  of  interferon. 

Concentration  of  Namalva  Interferon  by  Precipitation.   The  lymphoblastoid 
interferon  present  in  the  crude  tissue  culture  fluid  was  concentrated  by  pre- 
cipitation with  trichloracetic  acid  (5%  w/v  final  concentration) .   Although 
no  purification  was  obtained,  the  interferon  was  concentrated  150  fold.   In 
addition,  the  trichloroacetic  acid  (TCA)  inactivates  the  Newcastle  disease 
virus  and  thus  permits  the  immediate  processing  of  the  crude  interferon 
preparation.   Interferon  produced  in  cultures  grown  in  serum-free  medium  was 
precipitated  by  a  final  trichloroacetic  acid  concentration  of  3%  w/v.   The 
TCA  was  removed  by  gel  filtration  using  Sephadex  G-25  medium  equilibrated  with 
phosphate-buffered  saline  pH  7.4  and  .05%  sodium  azide  (J.  Biol.  Chem.  252, 
6585,  1977). 

Purification  of  Lymphoblastoid  Interferon.  Lymphoblastoid  interferon  was 
purified  an  average  of  200-fold  by  immunoadsorbent  affinity  chromatography 
using  either  sheep  anti-leucocyte  interferon  or  sheep-anti- lymphoblastoid 
interferon.   The  average  recovery  was  80%.   The  anti-leucocyte  interferon  was 
prepared  by  immunizing  sheep  with  partially  purified  interferon  by  gel  filtra- 
tion on  Sephadex  G-100.   Anti-lymphoblastoid  interferon  serum  was  prepared  by 
immunizing  sheep  with  lymphoblastoid  interferon  partially  purified  by  affinity 
chromatography  on  anti- leucocyte  interferon  columns  and  also  lymphoblastoid 
interferon  which  had  been  further  purified  by  gel  filtration  on  Sephadex  G-150. 
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The  gamma  globulin  fractions  from  both  anti- interferon  sera  were  purified  by 
repeated  passage  through  an  afinity  column  bearing  the  impurities  present  in 
the  crude  material  used  for  immunization  (fetal  calf  serum  proteins,  soluble 
extracts  from  buffy  coat  cells,  allantoic  fluid,  Newcastle  disease  virus). 
These  results  are  summarized  in  the  report  on  partial  purification  of  inter- 
feron in  PNAS  _71,  3139,  1974.   After  initial  purification  by  affinity  chroma- 
tography, the  interferon  fractions  are  subjected  to  gel  filtration  on  G-150 
Sephadex  with  an  average  purification  of  10-30  fold  and  average  recovery  of 
60%.   The  partially  purified  interferon  is  stockpiled  at  this  stage  and 
prepared  for  further  purification  by  concentration  and  dialysis  and  enzymatic 
removal  of  certain  carbohydrate  moieties.   This  procedure  tends  to  reduce  the 
apparent  heterogeneity  of  the  interferon  when  further  purified  by  preparative 
isoelectric  focusing  in  either  polyacrylamide  gels  of  sucrose  gradients 
(recovery  50%  purification  10-fold) .   After  isoelectric  focusing  the  interferon 
fractions  are  applied  to  SDS  polyacrylimide  gel  electrophoresis  and  eluted 
from  the  gel  with  a  purification  of  30-fold  and  average  recovery  of  90%.   We 
have  shown  that  interferon  activity  can  be  completely  recovered  from  an  SDS 
gel  both  with  and  without  staining  with  Coomassie  brilliant  Blue  R250.   This 
is  a  powerful  tool  which  permits  us  not  only  to  recover  all  of  the  interferon 
but  to  correlate  a  specific  stained  protein  band  with  an  assayable  band  of 
interferon  activity.   At  present  attempts  are  being  made  to  determine  the 
heterogeneity  of  the  final  product  of  this  purification  scheme.   The  apparent  „ 
specific  activity  of  the  final  post  SDS  gel  fractions  in  the  range  of  1-3  x  10 
units /mg  protein.   The  incorporation  of  exogeneous  radiolabel  into  these  puri- 
fied fractions  can  increase  the  sensitivity  of  normal  analytical  methods  to 
detect  the  heterogeneity.   The  post  SDS  material  is  also  now  being  prepared 
for  analysis  on  the  solid  phase  sequencer  in  order  to  determine  the  actual 
number  of  polypeptide  chains  present. 

Radioactive  labelling  of  lymphoblastoid  interferqn.   Interferon  prepara- 
tions with  a  biological  specific  activity  of  1-5  x  10  units/mg  protein  were 
radiolabelled  with  H-dansyl  chloride.   A  50%  reduction  in  the  interferon 
activity  was  observed  following  the  labelling  procedure.   The  dansylated  pro- 
teins were  resolved  into  several  radioactive  polypeptide  species  by  SDS 
polyacrylamide  slab  gel  electrophoresis.   The  radioactivity  of  one  of  these 
species  coincided  with  the  interferon  activity,  although  no  visible  Coomassie 
blue  band  was  observed.   Thus,  this  procedure  appears  to  increase  the  sensi- 
tivity of  detection  of  polypeptides  and  should  be  useful  in  detecting  contami- 
nating proteins  in  interferon  preparations  during  the  purification. 

Sequential  degradation  of  interferon.   A  study  of  the  sequential  degrada- 
tion of  interferon  preparation  from  NH„-  and  COOH-terminal  by  means  of  leucine 
amino  peptidase  and  carboxypeptidases  lA+B)  respectively  is  in  progress.   The 
purpose  of  this  study  is  to  determine  the  minimum  molecular  weight  of  inter- 
feron with  full  biological  activity. 

Sequencing  of  lymphoblastoid  interferon.   Following  the  purification  of 
lymphoblastoid  interferon,  the  isolated  minute  amounts  will  be  subjected  to 
sequence  analysis  on  a  solid  phase  sequenator  using   S  phenyl  isothiocyanate 
(PITC) .   The  phenylthiohydantoin  will  be  identified  by  thin  layer  chromatography^ 
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on  polyamide  plates  followed  by  autoradiography  or  high  pressure  liquid  chroma- 
tography.  To  determine  the  complete  sequence  of  the  interferon  molecule,  the 
purified  labeled  interferon  will  be  fragmented  two  different  ways  to  produce 
overlapping  peptides  using:   1)  trypsinization  of  succinylated  interferon 
which  produces  COOH-terminal  arginine  peptides;  and  2)  cyanogen  bromide  treat- 
ment of  the  purified  interferon,  which  results  in  the  formation  of  COOH-terminal 
homoserine  lactone  peptides.   These  peptides  will  then  be  separated  by  chroma- 
tography and  sequenced  on  a  solid  phase  sequencer.   By  comparing  the  amino  acid 
composition  of  the  two  sets  of  overlapping  peptide  fragments,  the  correct 
sequence  can  be  obtained. 

Once  the  sequence  has  been  determined,  the  chemical  synthesis  of  the 
polypeptide  portion  of  the  interferon  molecule  will  be  attempted  using  a  com- 
bination of  the  Merrifield  solid-phase  technique  and  classical  fragment  synthe- 
sis methods. 

It  has  been  reported  previously  (JBC  251,  1659,  1976)  that  the  removal  of 
the  carbohydrate  moiety  (about  85%)  from  interferon  by  treatment  with  a  mixture 
of  glycosidases  does  not  reduce  its  antiviral  activity.   The  enzyme  treatment 
reduces  the  multiple  peaks  of  native  interferon  to  a  single  major  peak  with  a 
molecular  weight  of  about  17,000.   A  recent  study  shows  the  removal  of  the 
major  portion  of  the  carbohydrate  moiety  does  not  alter  the  survival  of  inter- 
feron in  the  circulation  (JBC  252,  8336-7,  1977).   Such  studies  are  of  critical 
importance  in  the  usefulness  of  the  synthetic  interferon. 

Since  our  recent  work  on  interferon  shows  that  the  antiviral  activity  of 
interferon  does  not  depend  on  the  carbohydrate  moiety  attached  to  its  poly- 
peptide chain,  there  is  a  great  possibility  that  the  chemically  synthesized 
interferon  will  exhibit  antiviral  activity  even  without  having  its  carbo- 
hydrate moiety. 

The  large  scale  production,  purification  and  sequencing  of  interferon  will 
be  continued  and  if  successful,  studies  will  be  initiated  to  synthesize  it  and 
determine  the  antiviral  activity  and  the  rate  of  catabolism  of  this  molecule 
compared  to  the  control  purified  interferon. 
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SUMMARY  OF  WORK  (200  ^ords  or  less  -  underline  keywords) 

When  paramecia  are  placed  in  dilute  homologous  antisera,  they  become 
immobilized  and  eventially  die.   This  reaction,  the  immobilization  reaction, 
is  the  result  of  a  specific  interaction  betxi7een  homologous  antibodies  and  the 
immolulization  antigen  (i-antigen)  located  on  the  surface  of  the  cell.   The 
i-antigen  is  distributed  over  90  percent  of  the  cell  membrane.   While  a  clonal 
population  of  cells  has  been  shown  to  express  only  one  antigen  (serotype)  at 
any  given  time,  individual  cells  are  capable  of  expressing  upwards  of  twelve 
different  antigens  giving  rise  to  the  phemonenon  of  antigenic  variation.   A 
systematic  phenomenon  of  antigenic  variation  has  now  been  shown  to  exist  in 
several  species  of  protozoa  including  both  the  free-swimming  forms  such  as 
paramecia  and  the  parasitic  forms,  such  as  trypanosomes . 
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Project  Description: 

Objectives :   To  purify  and  compare  the  various  i-antigens  associated  with 
the  surface  of  different  Paramecia. 

Methods  Employed:   Paramecia  are  grown  on  a  grass  infusion  medium  inoculated 
with  Klebsiella  cloacae  and  maintained  in  5  gallon  carboys.   Several  carboys 
(8-10)  are  harvested  by  passing  the  culture  fluid  through  a  commercial  cream 
separator  followed  by  low-speed  centrifugation  in  a  clinical  centrifuge.   The 
packed  cells  are  extracted  and  the  resulting  supernatent  is  fractionated  by 
a  combination  of  ammonium  sulfate  precipitation  and  ion-exchange  chromatography. 
A  final  purification  step  is  carried  out  using  isoelectric  focusing. 

Purified  i-antigen  was  studied  using  a  variety  of  techniques  including 
immunodiffusion,  analytical  ultracentrifugation  and  automated  amino  acid  analyses. 

Major  Findings:   The  i-antigen  (designated  C)  from  P_.  multimicronucleatum 
was  purified  by  a  combination  of  ammonium  sulfate  precipitation,  ion-exchange 
chromatography  and  isoelectric  focusing.   While  extensive  studies  have  been 
carried  out  on  several  i-antigens  from  the  P.  aurelia  complex,  this  study  represents 
only  the  second  species  of  Paramecium  where  an  i-antigen  has  been  isolated  and 
purified.   Preliminary  studies  on  physical  and  chemical  properties  of  the  i-anti- 
gen from  P_.  multimicronucleatum  show  it  to  be  a  large,  water  soluble  molecule  of 
approximately  300,000  molecular  weight  with  an  isoelectric  point  of  4.1.   A  com- 
parison of  this  i-antigen  with  the  A,  i-antigen  of  P  P.  tetraurelia,  also  isolated 
in  laboratory  (see  ZOl  AM  25,  001-03  LCB)  show  a  close  homology  between  the  two 
molecules . 

Significance  to  Biomedical  Research:   Several  species  of  protozoa,  including 
both  free-swimming  and  parasitic  forms,  show  the  phenomenon  of  antigenic  variation. 
The  ability  to  transform  serotype  defines  one  of  the  principal  problems  associated 
with  certain  tropical  parasites. 

A  characterization  of  the  various  surface  i-antigens  in  different  species 
of  Paramecium  in  which  the  genetic  control  of  variation  may  be  better  understood 
may  lead  to  an  insight  into  this  phenomenon. 

Proposed  Course:   Further  characterization  of  the  i-antigens  from  P  P_. 
multimicronuc  leatum  together  with  a  comparative  analysis  of  the  well-characterized 
i-antigens  of  the  aurelia  complex  is  proposed.   These  studies  will  include  the 
isolation  and  purification  of  still  other  i-antigens  and  an  immunological 
analysis  of  each  antigen 

P  Publication:  Davis,  R.H.  Jr.  and  Steers,  E.J.:  Purification  of  the  i-antigen 
51A  from  Paramecium  tetraurelia  by  Immunoaffinity  Chromatography.  Immunochemistry , 
in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  ciliate  protozoan  Paramecium  tetraurelia  was  previously  shown  to  contain 
a  heme-pigment  which  had  similar  spectroscopic  properties  to  mammalian  myoglobins 
and  hemoglobins.  Subsequent  studies  in  our  laboratory  showed  the  heme  protein 
to  exist  in  five  electrophoretic  forms  with  isoelectric  points  of  5.54,  5.18, 
4.98,  4.51  and  4.16  respectively.  Analysis  of  partially  purified  mixtures  of  th|e 
myoglobin  isozymes  from  Paramecium  by  SDS  gel  electrophoresis  suggested  a  single! 
molecular  weight  species  of  approximately  16,000  daltons.  The  present  project 
concerned  with  the  purification  of  all  five  myoglobin  forms  in  pure  form  and  the^ 
physical  and  chemical  characterization  by  various  techniques . 
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Project  Description: 

Introduction:   To  purify  the  five  electrophoretic  species  of  Paramecium 
myoglobin  and  characterize  them  by  various  physical  and  chemical  techniques. 

Methods  Employed:   Methods  were  adapted  for  large  scale  cultures  of 
Paramecium  on  grass  extracts  in  5  gallon  carboys.   The  harvested  cells  (usually 
100  liters)  were  homogenized  in  a  raffinose  -  phosphate  buffer  after  which  the 
supernatent  was  fractionated  by  ammonium  sulfate  precipitation.   The  myoglobin 
containing  precipitate  was  further  fractionated  on  Sephadex  gel  filtration 
for  the  heme-protein  mixture. 

A  final  step  in  purifying  the  individual  heme-proteins  required  either 
eluting  the  separated  heme-containing  zones  from  polyacrylamide  disc  gels  or, 
alternatively,  fractionating  the  myoglobins  by  isoelectric  focusing  in  a  sucrose 
gradient  over  a  narrow  pH  range  (3.5-6.0). 

The  purified  myoglobins  were  characterized  for  size  by  analytical  ultra- 
centrifugation  and  for  amino  acid  composition  on  an  automated  analyzer. 

Major  Findings:   Large  scale  purification  of  Paramecium  myoglobin  is 
limited  by  the  in  vivo  levels  of  protein  and  to  the  maximum  volume  of  culture 
that  can  be  successfully  handled  in  growing  the  cells.   In  this  study,  25  cc 
of  packed  cells  harvested  from  80  liters  of  culture  fluid  yielded  an  estimated 
total  of  3.6  mg  of  myoglobin  or  approximately  45  ug  of  total  myoglobin  per  liter 
of  culture.   The  conditions  employed  for  growing  Paramecium  limit  the  maximum 
volume  of  cultures  to  between  160  and  200  liters  which  can  be  expected  to  yield 
myoglobin  levels  of  approximately  2  to  8  mg  per  harvest. 

The  molecular  weight  determinations  on  the  isolated  species  showed  no 
significant  differences.   The  average  molecular  weight  value  calculated  for  all 
determinations  by  sedimentation  equilibrium  was  15,000  daltons.   The  amino  acid 
composition  does  not  appear  to  reflect  any  significant  differences  for  the  17 
residues  analyzed.   The  spectral  properties  are  very  similar  to  those  of  hemo- 
globins and  myoglobins  characterized  to  date  leading  to  the  conclusion  that  the 
five  electrophoretic  species  isolated  from  Paramecium  are  mono-heme,  single 
polypeptide  chains  of  15,000  molecular  weight. 

The  exact  function  of  these  heme-proteins  is  still  unknown.   Calculations 
based  on  oxygen  consumption  and  cell  numbers  do  not  support  a  "long  term"  storage 
function.   Earlier  suggestions  by  Smith,  et_  al,  that  certain  myoglobins  with 
high  oxygen  affinity  may  enhance  the  efficiency  of  the  cytochrome  system  under 
conditions  of  reduced  oxygen,  seems  most  probable  at  present.   The  significance 
of  several  electrophoretic  species  with  presumably  the  same  function  is  even 
less  well  understood.   Such  questions  of  the  possible  biological  function  and 
significance  of  the  multiple  forms  of  myoglobin  in  Paramecium  await  further 
study  which  is  now  possible  with  a  procedure  for  isolating  the  forms  in  a 
highly  purified  state. 

Significance  to  Biomedical  Research:   Many  invertebrate  hemoglobins  and 
myoglobins  have  been  identified  from  a  variety  of  sources.   This  is  the  first 
instance  of  a  molecule  of  this  class  appearing  in  the  protozoa.   Of  special 
interest  is  the  possible  role  of  this  molecule  (and  its  variant  forms)  which 
may  differ  from  that  ascribed  to  these  pigments  in  higher  organisms. 
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Proposed  Course  of  Project:   Full  characterization  of  each  form  is  antici- 
pated together  with  an  analysis  of  the  oxygen  affinity  characteristics  of  these 
molecules  and  their  role  in  vivo  in  this  unicellular  organism. 

Publications: 

Steers,  E.,  Jr.  and  Davis,  R.H. ,  Jr.:   Purification  and  Characterization  of 
the  Myoglobins  of  Paramecium  tetraurelia.   Comp.  Biochem.  &  Biophys .  in  press 
1978. 
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SUMMARY  OF  MRK    (200  words  or  less  -  underline  keywords) 

In  order  to  evaluate  the  information  necessary  for  the  stability  and  speci- 
ficity of  peptide-protein  interactions  in  terms  of  noncovalent  contacts  and  con 
forma tional  flexibility,  a  model  ribonuclease-S- (1-15)  peptide  was  synthesized  by 
solid  phase  technique.   The  amino  acid  sequence  of  this  model  peptide  is  poly- 
alanine  with  a  few  incorporated  residues  of  the  native  ribonuclease  sequence  that 
are  predicted  to  provide  critical  contacts  for  the  stability  of  the  complex,  and 
Dne  catalytically  essential  component.  His  12.   However,  the  amino  acid  sequence 
of  the  model  peptide  is  largely  altered,  the  purified  model  peptide,  as  expected, 
formed  a  catalytically  active  noncovalent  complex  (36%  of  native)  with  ribonucle- 
ase- (21-124)  ,  confirming  the  necessity  of  the  incorporated  native  amino  acid  resi-- 
pues  in  a  helix  for  the  formation  of  stable  noncovalent  complexes.   Of  the  con- 
served amino  acid  residues,  the  functional  roles  of  Phe-8  and  His-12  were  examined 
closely  by  high  resolution  carbon  13  NMR  and  X-ray  crystallography.   The  partici- 
ation  of  His-12  in  the  RNase-S  catalytic  mechanism  was  investigated  by  pH  depen- 
dent catalytic  activity  of  I4-F-His  12]SRNase-S' .   Conformational  equivalence  of 
the  above  complex  with  native  complex  is  now  being  studied  by  crystallography  by 
pr.  David  Richardson  of  Duke  University. 
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Project  Description: 

Objectives : 

1)  To  show  that  it  is  not  only  possible  to  identify  the  role  of  a  certain 
amino  acid  sequence  as  being  structural,  interaction  recognition,  and/or  cata-  ^ 
lytic  but  also  to  design  a  functional  peptide  knowing  the  necessary  functionals  w 
of  amino  acid  sequence. 

2)  To  design  a  model  peptide  with  a  simplified  amino  acid  sequence  that 
allows  the  determination  of  the  noncovalent  interaction  free  energy  contribu- 
tion of  a  specific  amino  acid,  and  of  the  flexibility  or  the  entropy  of  a  given 
peptide. 

3)  To  correlate  the  observed  affinity  of  a  peptide  toward  a  protein  with 
the  expected  intermolecular  interactions. 

4)  To  develop  a  model  peptide  that  allows  a  further  improvement  of  semi- 
emperical  dynamic  conformational  energy  calculations. 

Methods  Employed:   The  design  of  the  model  peptide  amino  acid  sequence  is 
based  upon  the  magnitude  of  semi-emperical  free  energies  of  amino  acid  side 
chain  interactions  calculated  from  the  crystallographic  atomic  coordinates  of 
ribonuclease-S.   The  peptide  was  synthesized  by  solid  phase  technique  and  puri- 
fied using  the  established  semisynthetic  ribonuclease-S'  analogue  preparation. 
The  carbon  13  spectrum  of  13%  C  -enriched  Phe-8  in  the  complex  were  obtained  by 
220  MHz  NMR  using  Fourier  transform  technique.   The  structural  similarity  of 
[4-F-His  12]SRNase-S'  and  native  complex  was  studied  by  X-ray  single  crystal    ^ 
diffraction  technique  (see  Appendix).  |^ 

Major  Findings: 

1)  The  model  peptide  complex  exhibits  36%  specific  activity  of  RNase-S 
at  saturation  against  the  substrate  cytidine-2' ,3'-cyclic  monophosphate  at  pH 
7.15,  and  the  peptide  Ka  is  slightly  smaller  by  a  factor  of  6  related  to  the 
native  S-peptide  Ka  toward  S-protein. 

2)  Thermally  induced  conformational  transition  of  Phe-8  from  helical  to 
coil  conformation,  as  judged  by  the  temperature  dependent  chemical  shifts  of 
Phe-8  C   ,  is  determined,  Tm  =  '^45''C. 

3)  [4-F-His  12]SRNase-S'  is  found  to  be  inactive  on  the  pH  range  of  5  to 
7  against  UpA  and  Ccmp..   This  activity  data  support  models  for  the  catalytic 
mechanism  of  pancreatic  RNase  in  which  His  12  has  a  requisite  acid-base  function. 

Significance  to  Biomedical  Research:   The  success  of  designing  a  highly 
active  amino  acid  sequence  based  on  rational  analyses  of  the  native  S-peptide 
amino  acid  sequence  brought  us  closer  to  fuller  understanding  of  noncovalent 
forces  that  govern  the  actions  of  enzyme. 

Proposed  Course  of  Action: 

1)  Preparation  of  the  model  peptide  complex  crystals  for  the  structure 
determination  by  X-ray  crystallography. 

2)  Preparation  of  further  analogues  of  the  model  peptide  to  quantify 
the  magnitude  of  complex  stabilization  contributed  by  each  of  the  9  conserved 
residues. 
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3)  Refinement  of  the  Ka  determination  technique  in  the  absence  of  sub- 
strate by  affinity  chromatography. 

4)  Determination  of  sequence  dependent  thermal  stability  and  conforma- 
tional transition  of  the  model  peptide  complex  and  its  analogues  by  carbon  13 
NMR  through  specifically  labeling  Met-13  with  carbon  13. 

5)  Preparation  of  cyclic  model  peptide  analogues  to  quantify  how  the 
peptide  chain  entropy  differences  affect  observed  affinity  of  such  analogues 
toward  S-protein. 

6)  Application  of  the  dynamic  conformational  energy  calculation  of  Karplus 
to  this  ribonuclease-S'  system. 

Publications : 

Chaiken,  I.M. ,  and  Komoriya,  A.:   Protein  Semisynthesis.   Trends  in  Biochemical 
Sciences,  in  press. 

Chaiken,  I.M. :   Engineering  and  Characterization  of  Semisjrnthetic  Ribonuclease- 
S'  Seuqence  Variants,  in  Semisynthetic  Peptides  and  Proteins  (R.  Of ford  and 
C.  DiBello,  eds.),  pp.  349-364,  Academic  Press,  London,  1978. 

Chaiken,  I.M. ,  Taylor,  H.C.,  and  Ammon,  H.L. :   Crystal  Properties  of  Semisyn- 
thetic Sequence  Variants  of  Ribonuclease-S'.   J.  Biol.  Chem.  252,  5599-5601, 
1977. 
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February  1,  1978  to  April  30,  1978 

Contracted  Project 

Title:   Difference  Fourier  Map  Analysis  of  [4-F-His  12,  Des  16-20 ]SRNase-S'     A 
and  Native  Complex  ™ 

Investigators:   H.C.  Taylor        Biochemist 

David  Richardson   Biochemist     Duke  University 
Jane  Richardson    Biochemist     Duke  University 

Department  of  Biochemistry,  Duke  Medical  Center 
Duke  University,  Durham,  N.C.   27705 

Summary: 

Preliminary  X-ray  crystallosraphic  work  on  normal  sequence  and  [des  16-20]- 
SRNase-S'  indicated  that  the  conformation  of  semisynthetic  RNase-S'  is  similar 
to  native  complex  as  judged  from  the  relative  intensity  of  diffractions.   Dif- 
fraction data  of  above  complexes  are  collected  to  2-3  A  resolutions,  and 
difference  Fourier  maps  of  the  two  complexes  are  prepared. 

Project  Description: 

Objectives :  ^ 

1)  To  show  that  the  structure  of  semisjmthetically  derived  complexes  is 
identical  with  native  structure. 

2)  The  4-F-His-12  sidechain  conformation  is  similar  to  native  His-12. 

3)  To  obtain  better  native  RNase-S  data  for  the  structural  comparison 
with  other  semisynthetically  derived  complexes. 

Methods  Employed:   The  crystals  of  appropriate  complex  are  subjected  to 
standard  X-ray  crystallographic  analysis.   Refinement  of  3-D  structure  will  be 
accomplished  with  the  computer  graphic  system  of  University  of  North  Carolina. 

Major  Findings: 

1)  The  present  intermediate-resolution  difference  Fourier  maps  indicate 
the  three-dimensional  structure  of  semisynthetically  derived  RNase-S'  is 
identical  with  native  structure. 

2)  No  radical  conformational  difference  is  observed  for  4-F-His  12  from 
native  His  12  conformation. 

Proposed  Course  of  Action: 

1)  Prepare  a  high  resolution  difference  Fourier  map  ('^^2-3  A). 

2)  Prepare  [4-F-His  12]des  16-120] SRNase-S'  crystal  soaked  with  UpA  and 
apply  this  complex  with  substrate  to  diffraction  analyses. 
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SUMMARY  OF  ^ORK  (ZOO    «ords  or  less  -  underline  keywords) 

This  project  is  part  of  a  continuing  program  to  develop  and  use  bioaffinity 
chromatography  to  determine  quantitative  characteristics  of  macromolecule- 
involved  interactions.   A  set  of  studies  was  completed  on  the  interaction  of 
nucleotide  substrates  and  inhibitors  with  bovine  pancreatic  ribonuclease  and 
with  some  semisynthetic  analogues  of  this  enzyme.   In  a  major  new  project  of 
the  past  year,  work  has  progressed  to  its  final  stages  on  a  study  of  the 
quantitative  expression  of  antibody  polyvalency  in  antigen  binding.   A  study 
also  was  initiated  to  use  quantitative  affinity  chromatography  to  characterize 
the  interaction  of  psychoactive  drugs  with  the  multisubunit  enzyme,  bovine 
glutamate  dehydrogenase.   Finally,  a  separate  project  to  investigate  the  use 
of  affinity  chromatography  to  measure  rate  constants  for  association  and 
dissociation  of  ligands  is  still  in  progress. 
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Project  Description: 

Objectives: 

1)  To  apply  the  developed  technology  of  quantitative  affinity  chroma- 
tography of  univalent  protein-ligand  systems  to  the  study  of  substrate  -  and    ^ 
inhibitor-binding  properties  of  specific  semisynthetic  ribonuclease  sequence    | 
variants.  v 

2)  To  develop  affinity  chromatographic  theory  to  include  polyvalent 
protein-ligand  systems. 

3)  To  apply  the  technique  to  characterize  the  expression  of  polyvalency 
in  antibody  recognition  of  antigens. 

4)  ■  To  study  psychoactive  drug  interactions  with  bovine  glutamate  dehy- 
drogenase by  the  quantitative  chromatographic  method. 

Methods  Employed:   The  ribonuclease-specific  affinity  matrix,  Sepharose- 
5'-(4-aminophenylphosphoryl)uridine-2' (3')-phosphate  was  prepared  and  used  in 
serial  zonal  elution  studies  of  native  ribonuclease  as  well  as  various  radio- 
isotopically- labelled  semisynthetic  ribonuclease  analogues.   Laboratory  manipu- 
lations included  autOmatit  fraction  collection,  spectrophotometric  activity 
assay,  and  scintillation  counting. 

Derivation  and  evaluation  of  new  formulations  for  polyvalent  systems  were 
carried  out,  requiring  desk  calculation  and  least  squares  fitting  routines 
provided  by  the  MLAB  program  via  the  in-lab  computer  terminal. 

For  the  studies  on  antibody  interactions  with  antigen,  various 
[phosphorylcholine]-Sepharose  matrices  were  prepared  and  used  in  elution  of     ^ 
radioisotopically  labelled  TEPC-15-derived  bivalent  IgA  monomers  and  mono-      " 
v^^ent  IgA  Fab's.   Equilibrium  dialysis  analyses  for  protein  species  to 
[   Cjphosphorylcholine  served  for  obtaining  control  data. 

Glutamate  dehydrogenase-drug  studies  proceeded  with  synthesis  of 
perphenazine-Sepharose  and  competitive  elution  studies  with  various  butyro- 
phenone  and  phenathiazine  compoimds. 

Major  Findings:   Studies  of  univalent  systems  have  confirmed  and  utilized 
the  situation  that  the  quantitative  affinity  chromatographic  method  allows 
measurement  of  equilibrium  constants  for  association  of  monovalent  proteins. 
As  a  case  in  point,  the  ribonuclease  studies  have  allowed  a  critical  inactive 
semisynthetic  derivative  to  be  characterized  for  the  intactness  of  its  site 
for  recognition  of  substrates.   Whether  or  not  the  methodology  allows  deter- 
mination of  solution-related  rate  constants  is  a  question  requiring  further 
analysis. 

The  behavior  of  glutamate  dehydrogenase  on  immobilized  drug  matrices  has 
allowed  the  demonstration  that  both  butyrophenone  and  phenathiazine  substances 
bind  at  the  same  enzymic  site,  with  affinities  paralleling  the  enzymic  in- 
hibitory as  well  as  pharmacological  potencies  of  these  drugs.   Also  the         ^ 
non- identical  but  interdependent  relationship  of  drug  binding  sites  and  those   fB 
for  recognition  of  nucleotides  and  substrates  has  been  delineated. 

Studies  with  the  TEPC  15-phosphorylcholine  system  have  shown  that  poly- 
valent antigen  density  has  a  profound  effect  on  the  apparent  affinity  of 
antibodies  for  antigens.   The  affinity  chromatographic  technique  has  been 
shown  to  be  a  potentially  powerful  tool  for  the  direct  measurement  of  micro- 
scopic equilibrium  constants  for  antibody  interactions  with  antigens. 
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Significance  to  Biomedical  Research:  In  general,  the  increasing  develop- 
ment of  quantitative  affinity  chromatography  will  be  of  importance  in  allowing 
the  elucidation  of  many  kinds  of  interacting  processes  involving  not  only  pro- 
teins but  other  macromolecular  or  even  cellular  systems.  The  approach  should 
provide  an  alternative  to  several  imprecise  or  impractical  types  of  techniques 
now  used  to  study  complex,  biologically  important  systems. 

Proposed  Course  of  Action: 

1)  To  complete  work  on  the  use  of  the  affinity  chromatographic  technique 
to  measure  rate  constants. 

2)  To  complete  studies  on  TEPC  15-antigen  and  GDH-drug  interactions. 

3)  To  explore  the  use  of  the  method  in  studying  other  types  of  antibody- 
antigen  recognition. 

4)  Continued  expansion  of  the  use  of  quantitative  affinity  chromatography 
to  study  biologically  important  interactions. 

Publication: 

Taylor,  H.C.,  and  Chaiken,  I.M. :   Active  Site  Ligand  Binding  by  an  Inactive 
Ribonuclease-S  Analogue:   A  Quantitative  Affinity  Chromatographic  Study. 
J.  Biol.  Chem.  252,  6991-6994,  1977. 
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SUMMARY  CF  WORK  (200  ^ords  or  less  -  underline  keywords) 

As  part  of  a  continuing  study  of  the  neurophysin-peptide  hormone  system, 
the  tripeptide  analogue  of  vasopressin,  L-methionyl-L-tyrosyl-L-phenylalaninamide 
has  been  modified  for  use  in  photoaffinity  labeling  studies  of  the  hormone 
binding  site  on  neurophysin.   The  photo-sensitive  peptide,  L-methionyl-L-tyro- 
syl-p-azido-L-phenylalaninamide ,  was  found  by  equilibrium  dialysis  in  the  ab- 


sence of  light  to  be  reversibly  bound  to  bovine  neurophysin  II.   The  dissocia- 
tion constant,  stoichiometry,  and  pH-dependence  indicate  that  the  interaction  is 
similar  to  the  interaction  of  hormone  with  neurophysin.   The  affinity  reagent 
also  competitively  inhibits  binding  of  L-methionyl-L-tyrosyl-L-phenylalaninamide 
which  has  been  shown  to  competitively  inhibit  binding  of  hormone  by  neurophysin. 

Exposing  the  noncovalent  reagent-neurophysin  complex  to  ultraviolet  radiatior. 
leads  to  formation  of  a  covalent  complex  in  moderate  yields.   Non-neurophysin 
proteins  are  covalently  labeled  to  only  a  few  percent  of  the  neurophysins .   The 
povalent  complex  has  been  derivitized  and  fragmented  and  will  be  subjected  to 
peptide  mapping  and  sequencing  in  an  attempt  to  determine  which  residues  of  the 
protein  are  found  near  or  in  the  binding  site.   Covalent  labeling  of  all  species 
6f  neurophysin  studxed  to  date  proceeds  to  a  similar  extent. 
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Project  Description: 

A  major  objective  of  this  project  is  to  study  the  interaction  of  hormone 
analogues  with  neurophysin  in  order  to  obtain  information  about  the  hormone 
binding  site  on  the  neurophysin  molecule.   The  identification  of  amino  acid 
residues  of  the  protein  involved  in  the  peptide-protein  binding  interaction 
will  tell  much  about  the  environment  of  the  binding  site  and  should  yield 
important  information  about  the  3-dimensional  structure  of  the  neurophysins. 

A  major  technique  being  used  is  known  as  photoaf finity  labeling.   The 
photo  label  which  has  been  designed  for  use  in  this  study  is  L-methionyl-L- 
tyrosyl-p-azido-L-phenylalaninamide.   This  reagent  has  been  found  to  bind  to 
bovine  neurophysin  II  reversibly  and  specifically  in  the  dark,  the  manner  of 
interaction  being  analogous  to  hormone  binding  by  neurophysin.   When  photo- 
lyzed,  12-15%  of  the  neurophysin  forms  a  covalent  complex  with  affinity  label. 
Techniques  to  be  used  in  order  to  determine  the  location  of  the  label  on  the 
protein  include  protein  modification,  enzymic  digestion,  peptide  mapping  and 
sequencing. 

Comparative  labeling  studies  have  been  done  with  bovine  neurophysin  I  and 
the  major  neurophysins  from  human  tissue.   Common  characteristics  of  these 
reactions  seem  to  indicate  some  similarities  in  the  binding  sites  of  these 
proteins.   Study  of  these  covalent  complexes,  as  is  being  pursued  with  bovine 
neurophysin  II,  will  likely  tell  much  of  the  details  of  the  similarities,  and 
also  might  indicate  some  subtle  differences  found  in  these  binding  sites. 
Other  labels  with  the  photoreactive  group  in  different  positions  may  increase 
the  information  obtained  about  the  binding  sites. 

Information  about  peptide-protein  interactions  is  important  for  under- 
standing many  biochemical  interactions.   We  hope  to  learn  what  arrangement  of 
residues  is  necessary  to  bring  about  the  specificity  of  the  binding  interac- 
tion.  Experimental  proof  is  now  beginning  to  support  the  existance  of  a  pre- 
cursor from  which  the  neurophysins  and  hormones  may  be  derived.   Trapping  the 
neurophysin  in  the  bound  state  may  help  to  explain  the  significance  of  this 
precursor  molecule.   It  will  be  interesting  to  determine  if  the  labeled  neuro- 
physin retains  a  conformation  similar  to  the  unlabeled  or  whether  occupying 
the  binding  site  will  alter  conformation  significantly  and  thus  allow  the  ex- 
pression of  many  of  the  properties  of  storage,  transport  and  release  that  have 
been  studied. 

Publications : 

Klausner,  Y.S.,  McCormick,  W.M.,  Chaiken,  I.M. :   Design  of  a  Photoaff inity 
Label  for  the  Hormone  Binding  Site  of  Neurophysin.   Int.  J.  Peptide  and  Protein 
Res.  11,  82-90,  1978. 
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The  general  purpose  of  this  project  is  the  use  of  specific  antibodies  as 
tools  in  delineating  native  conformation  in  proteins  and  in  indicating  biosynthetic 
relatedness  among  protein  species.   Antineurophysin-Sepharose  matrices  (pre- 


viously reported)  have  been  used  to  isolate  proteins  immunologically  related  to 
the  neurophysins  including  precursors  to  the  neurophysins  if  they  exist.   High 
molecular  weight  species  binding  to  the  column  were  investigated  by  gel  electro- 
phoresis, isoelectric  focusing  and  amino  acid  analysis.   An  unexpectedly  low 


cysteine  content  indicated  the  need  to  investigate  the  specificity  of  antibodies 
for  native  conformation.   This  question  is  being  pursued  by  radioimmunoassay 


studies  of  antibody  binding  to  neurophysins  in  denatured  states. 

Ajitibodies  prepared  against  thermolysin  and  two  large  fragments  of  this 
protein  have  been  used  in  immunodiffusion  assays  and  radioimmunoassays  to  study 
conformational  properties  of  the  native  protein  as  well  as  the  fragments. 

Affinity  chromatographic  techniques  have  been  used  to  isolate  ribonuclease 
antibodies  specific  for  the  S-peptide  region  (residues  1-20).   Competition  experi 
ments  have  been  carried  out  to  determine  the  precise  specificity  of  the  antibodie^ 
for  use  in  characterizing  semisynthetic  sequence  analogues 
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Project  Description: 

Objectives: 

1)  To  prepare  antibodies  specific  for  particular  proteins. 

2)  To  use  these  antibodies  to  study  conformational  properties  of  the 
native  protein  as  well  as  protein  derivatives  and  fragments. 

3)  To  use  neurophysin-specific  antibodies  to  isolate  a  proposed  neuro- 
physin  biosynthetic  precursor. 

Methods  Employed:   For  the  neurophysin  antibody  studies,  antisera  are 
obtained  by  injection  of  appropriate  antigen  emulsions  into  rabbits,  using  the 
services  of  Meloy  Laboratories  for  maintenance  of  rabbits,  injection  of  antigen, 
and  collection  of  sera.   The  presence  of  specific  antibodies  is  tested  by 
immunodiffusion,  radioimmunoassay,  and  neurophysin-Sepharose  affinity  chroma- 
tography.  Radioimmunoassays  also  are  used  to  test,  by  competition  analysis, 
the  conformational  nature  of  particular  protein  derivatives  and  fragments. 
Immunoadsorbant  matrices  have  been  prepared  by  covalent  attachment  of  antibodies 
to  Sepharose.   These  are  employed  in  purification  of  cross-reacting  materials 
derived  from  tissue  extractions  or  other  protein-modifying  procedures  which  are 
then  collected  for  further  investigations  into  the  nature  of  the  retained  pro- 
tein materials.   These  include  further  chromatographic  processes,  gel  electro- 
phoresis, isoelectric  focussing  and  chemical  modification. 

For  thermolysin  and  ribonuclease  antibodies,  the  presence  of  specific 
antibodies  is  tested  by  immunodiffusion,  radioimmunoassay,  and,  for  the  latter 
case,  ribonuclease  and  S-peptide-Sepharose  affinity  chromatography.   The  radio- 
immunoassays also  are  used  to  test,  by  competition  analysis,  the  conformational 
nature  of  particular  protein  fragments. 

Major  Findings:   In  the  search  for  a  postulated  neurophysin  precursor,  a 
high  molecular  weight  cross-reactant  was  detected  through  immunoaf finity  chroma- 
tography and  subsequently  isolated  and  analyzed  for  amino  acid  composition, 
molecular  weight  and  isoelectric  point.   An  unexpectedly  low  cysteine  content 
for  this  material  cast  doubt  on  its  role  as  a  neurophysin  precursor  and  led  to 
investigation  of  the  aspects  of  conformation  in  the  neurophysins  necessary  for 
antibody  recognition. 

As  indicated  by  immunodiffusion  and  radioimmunoassay  experiments,  a  sig- 
nificant amount  of  cross-reactivity  exists  between  thermolysin  fragments  and 
native  but  not  denatured  protein.   The  immunochemical  data  indicate  that  the 
fragments  have  the  propensity  to  form  stable  conformation  in  solution  comparable 
to  those  that  the  corresponding  regions  attain  in  native  thermolysin. 

Affinity  chromatographic  techniques  have  been  used  successfully  to  isolate 
antibodies  specific  for  the  S-peptide  region  of  ribonuclease.   Competition 
experiments  indicate  that  these  antibodies  can  be  used  to  distinguish  between 
native- like  and  non-native  states. 

Significance  to  Biomedical  Research:   It  is  hoped  that  imraimological 
investigation  of  neurophysin  structure  will  lead  to  articulation  of  the  bio- 
synthetic origins  and  conformational  nature  of  neurophysins  and  of  the  peptide 
hormones,  oxytocin  and  vasopressin  that  are  transported  by  neurophysins  in 
mammalian  systems.   Studies  with  ribonuclease  and  thermolysin  antibodies  are 
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aimed  at  the  general  goal  of  understanding  the  relationship  between  primary  se- 
quence data  and  the  attainment  of  protein  conformation. 

Proposed  Course  of  Action: 

1)  Continued  investigation  of  conformation  and  biosynthesis  of  neurophy-  1 
sin  antibodies. 

2)  Extension  of  the  thermolysin  studies,  by  preparation  of  purified  anti- 
bodies and  their  use  to  delineate  the  nature  of  thermolysin  fragments  as 
possible  conformationally-stable  folding  domains. 

3)  To  use  the  purified  ribonuclease  antibodies  specific  for  the  S-peptide 
region  (residues  1-20)  to  study  conformational  parameters  of  native  and 
synthetically  altered  protein  species. 

Publication : 

Fischer,  F,A.,  Curd,  J.G.,  and  Chaiken,  I.M.:   Preparation  of  Biologically 
Active  Conjugates  of  Bovine  Neurophysins  and  Other  Polypeptides  with  Multi- 
(poly-D,L-alanyl)-poly-L- lysine  and  their  Use  to  Elicit  Antibodies.   Immuno- 
chemistry  14,  595-602  (1977). 
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SUMMARY  OF  WORK  (200  .,ords  or  less  -  underline  keywords) 

In  order  to  use  Nuclease-T'  as  a  testing  object  for  the  relationship 
between  the  Global  potential  function  (operating  in  the  ordered  structure 
of  proteins  and  binding  the  polypeptide  chain)  and  the  local  potential 
functions  (controlling  local  interactions  between  residues) ,  the  X-ray 
if fraction  patterns  of  crystalline  Nuclease-T'  have  been  investigated  at  17 
lanes  through  the  reciprocal  lattice  and  6the  data  from  approximately  7000 
eflections  is  being  treated.   In  an  attempt  to  crystallize  semisynthetic 
l^uclease-T' ,  Nuclease-T- ( 6-48 )  has  been  synthesized  and  purified  to  essentially 
lomogeneity  as  judged  by  a  two-dimensional  peptide  map  of  a  tryptic  digest. 

The  idea  that  the  global  potential  function  is  not  operative  in  fragments 
has  been  tested.   The  dissociation  constant  of  deoxvthymi4ine-3' ,5 '-diphosphate 
(pdTp)  with  Nuclease- (1-126)  in  the  presence  of  10   M  Ca~  was  found  to  be 
Approximately  5x10"^  M.   Then,  it  was  observed  that  Nuclease- (1-126)  bound  with 
tidTp  exhibits  a  Stokes  radius  slightly  greater  than  that  of  nuclease  A,  no 
resistance  against  trypsin  digestion  and  a  greater  intrinsic  viscosity  than  that 
f  nuclease  A  (the  report  of  the  previous  year).   Thus,  the  polypeptide  chain 
f  Nuclease- (1-126)  is  not  bound  even  in  the  liganded  form. . 
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Project  Description: 

Objectives :   To  understand  interatomic  interactions  operational  in  the 
three-dimensional  structure  of  proteins  which  underlie  the  structures, 
functions  and  evolution  of  proteins. 

Working  Hypothesis;  On  the  basis  of  the  previous  studies  (see  previous 
reports)  of  this  section  the  following  working  hypothesis  is  proposed.   The 
polypeptide  chains  of  proteins  are  bound  by  a  hypothetical  global  potential 
function  when  they  are  ordered  and  unbound  when  they  are  disordered  (or  only 
partially  folded).   This  hypothesis  requires  that  a  decrease  in  the  conforma- 
tional energy  of  proteins  occurs  after  the  completion  of  folding. 

Corollaries  to  this  hypothesis  are  1)  the  global  stabilizing  energy  is 
not  necessarily  the  sum  of  the  local  interaction  energys  between  residues 
(non-additive)  and  2)  the  transformation  from  the  disordered  to  the  ordered 
state  is  not  controlled  by  the  global  potential  function,  and  therefore  the 
event  of  folding  involves  an  element  of  non-ordered  progression. 

Methods  Employed  and  Major  Findings: 

1)  The  fragment  exchange  technique  developed  in  this  section  (see  the 
previous  reports)  provides  a  sensitive  method  for  measuring  the  global 
stabilizing  energy.   Differences  in  the  activation  free  energy  of  unfolding 
of  the  order  of  1  kcal  can  be  accurately  measured  even  under  physiological 
conditions  where  no  significant  population  of  the  disordered  proteins  is 
detectable  by  conventional  physico-chemical  methods.   A  prerequisite  for  using 
this  method  is  that  the  fragment  complex  must  have  atomic  coordinates  similar 
to  the  intact  protein.   Therefore,  the  X-ray  crystallographic  studies  of 
Nuclease-T,  composed  of  two  fragments  of  staphylococcal  nuclease  A,  Nuclease- 
T-(6-48)  and  Nuclease-T- (50-149)  has  been  undertaken  (see  the  previous  report). 

Using  a  precession  camera,  the  X-ray  diffraction  patterns  of  Nuclease-T' 
crystals  have  been  examined  at  17  planes  through  the  reciprocal  lattice. 
Approximately  7000  reflections  have  been  photographically  recorded  and  their 
intensities  measured  using  an  automatic  microdensitometer.   The  data  thus 
obtained  is  being  processed  in  order  to  obtain  a  difference  electron  density 
map  between  nuclease  A  and  Nuclease-T'  with  the  collaboration  of  Dr.  Gerson 
Cohen,  Section  on  Molecular  Structure,  LMB,  NIAMDD. 

2)  An  experimental  approach  to  the  elucidation  of  the  quantitative 
relationship  between  the  global  stabilizing  energy  and  the  local  interatomic 
interaction  energy  is  to  examine  the  effect  of  substitution  of  residues  on  the 
global  stabilizing  energy  and  the  local  itneraction  energy.   The  former  energy 
can  be  measured  by  the  fragment  exchange  technique  and  the  latter  by  spectro- 
scopic methods,  e.g.  carbon-13  NMR  and  Raman  spectroscopy.   The  substitution 
of  residues  can  be  achieved  by  the  chemical  synthesis  of  a  protein  fragment. 

Nuclease  T  was  chosen  as  the  model  system  for  this  project  for  three 
reasons  (1)  the  X-ray  crystallographic  studies  of  Nuclease-T'  are  now  in 
progress  (see  above),  (2)  the  global  stabilizing  energy  under  physiological 
conditions  was  measured  for  the  first  time  with  Nuclease-T  (see  previous 
reports)  and  (3)  Nuclease-T- (6-48)  has  been  synthesized  by  several  investigators 
in  the  Laboratory  of  Chemical  Biology. 
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Nuclease-T-(6-48)  was  synthesized  by  Dr.  Carlo  DiBello  at  the  University  of 
Padova  and  has  been  sent  to  our  laboratory.   Austine  Davis  has  purified  the 
product  (approximately  2%  active  initially)  using  gel  filtration,  complementa- 
tion with  native  Nuclease-T- (50-149)  followed  by  affinity  chromatography 
(pdTp-Sepharose  by  Cuatrecasas,  Wilchek  and  Anfinsen)  and  ion  exchange  chroma- 
tography.  The  semisynthetic  complex  (synthetic  Nuclease-T- (6-48)  and  native 
Nuclease-T- (50-149))  thus  obtained  exhibited  approximately  33%  the  enzymic 
activity  of  native  Nuclease-T'.   Synthetic  Nuclease-T- (6-48)  was  isolated 
from  this  semisynthetic  Nuclease-T'  by  gel  filtration  in  30%  acetic  acid.   A 
two-dimensional  peptide  map  of  the  tryptic  digest  of  this  purified  Nuclease- 
T-(6-48)  was  very  similar  to  that  of  native  Nuclease-T- (6-48) . 

3)   Our  hypothesis  predicts  that  the  hypothetical  global  potential  function 
is  not  operative  in  the  conformation  of  nuclease  fragments  even  while  in  the 
native  form  and  therefore  the  conformational  cooperativity  characteristic  of 
native  proteins  will  not  be  observed  in  the  fragments.   In  order  to  test  this 
hypothesis,  the  conformation  of  Nuclease- (1-126)  saturated  with  pdTp  in  the 
presence  of  0.01  M  Ca   has  been  investigated  (see  the  previous  report). 
Diana  Parker  has  made  further  observations  as  follows. 

Measurements  of  the  Stokes  radius  by  gel  filtration  show  that  the  hydro- 
dynamic  volume  of  nuclease  B  (containing  19  extra,  flexible  amino  acid  residues 
at  the  NH^-terminus  of  nuclease  A,  see  the  previous  report)  is  greater  than 
that  of  nuclease  A  and  that  Nuclease- (1-126)  has  a  hydrodynamic  volume  between 
these  two  species.   Binding  of  ligands  (pdTp  and  Ca  )  to  nuclease  A  or  B 
results  in  no  change  in  the „hydro dynamic  volume.   However,  in  the  presence  of 
2x10   M  pdTp  and  10   M  Ca   ,  the  hydrodynamic  volume  of  Nuclease- (1-126) 
decreases  to  a  value  slightly  greater  than  that  of  nuclease  A.   An  increase  in 
the  concentration  of  pdTp  to  1.9x10   M  results  in  no  further  decrease  in  the 
hydrodynamic  volume  of  Nuclease- (1-126) . 

The  dissociation  constant,  Ki  of  pdTp  with  Nuclease- (1-126)  in  the  presence 
of  Ca   was  determined  to  be  5x10   M  on  the  basis  of  inhibition  of  enzymic 
activity  assuming  competitive  inhibition.   On  the  basis  of  this  value  of  Ki, 
when  the  intrinsic  viscosity  (the  previous  report)  and  the  Stokes  radius  of 
Nuclease- (1-126)  are  measured  in  the  presence  of  pdTp  and  Ca   ,  more  than  99.7% 
of  the  Nuclease- (1-126)  population  is  bou^d  with  pdTp.   The  sam^  population  of 
Nuclease- (1-126)  in  the  presence  of  2x10  ~  M  pdTp  and  0.01  M  Ca"  does  not 
exhibit  any  resistance  against  trypsin  digestion  in  contrast  to  the  intact 
enzyme  (Nuclease  A)  or  the  ordered  complex  (Nuclease  T)  bound  with  ligands 
which  are  resistant  against  trypsin  digestion. 

Furthermore,  on  the  basis  of  this  value  of  Ki,  the  previous  observations 
that  the  initial  ratio  of  type  I  to  type  II  complex  formed  from  Nuclease- (1-126) 
and  Nuclease-T- (50-149)  is  independent  of  the  presence  and  absence  of  pdTp  and 
and  Ca   are  now  interpreted  as  indicating  that  the  flexibility  of  Nuclease- 
(1-126)  bound  with  pdTp  and  Ca   is  the  same  as  that  of  unliganded  Nuclease- 
(1-126)  in  terms  of  the  probability  of  attaining  the  spatial  arrangement  of 
the  two  types  of  complementing  structures  with  Nuclease-T- (50-149) . 

These  observations  indicate  that  ligand  binding  to  Nuclease- (1-126)  does 
not  induce  the  compact,  rigid  native  conformation.   Then,  it  would  follow  that 
the  conformational  cooperativity  is  disrupted  or  greatly  diminished  in 
Nuclease- (1-126). 
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Significance  to  Biomedical  Research:   The  polypeptide  chain  of  a  native 
protein  is  ordered  while  that  of  a  fragment  is  disordered.   The  mechanism 
of  this  ordering  of  the  polypeptide  chain  is  not  well  understood.   Generally, 
only  the  ordered  polypeptide  chain  exhibits  biological  function.   Thus, 
understanding  interatomic  interactions  underlying  the  ordering  of  polypeptide   ^ 
chains  is  fundamental  to  understanding  the  biological  functions  of  proteins.     f 
In  this  project,  we  have  developed  the  concept  of  the  global  potential  function 
which  controls  the  ordering  of  the  polypeptide  chain.   On  this  basis,  a  long 
range  experimental  goal  has  been  set  in  order  to  relate  the  local  interactions 
between  residues  to  the  global  potential  function. 

Proposed  Course: 

1)  Determination  of  the  atomic  coordinates  of  Nuclease-T. 

2)  Crystallization  and  X-ray  diffraction  studies  of  semisynthetic 
Nuclease-T'  having  the  native  sequence  and  analogues  having  substituted 
residues. 

3)  NMR  studies  of  the  interactions  of  Nuclease- (1-126)  with  ligands. 

4)  Measurements  of  the  global  stabilizing  energy  of  Nuclease-T'  contain- 
ing substituted  residues  (fragment  exchange  experiments). 

5)  NMR  studies  of  molecular  motion  of  Nuclease-T'  containing   C  enriched 
residues. 

Publication: 

Andria,  G.  and  Taniuchi,  H. :   The  Complementing  Fragment-dependent  Renaturation  ^ 
by  Enzyme-catalyzed  Disulfide  Interchange  of  RNase- (1-118)  Containing  Non- 
native  Disulfide  Bonds.   J.  Biol.  Cham.  253,  2262-2270,  1978. 

The  publication  which  was  reported  as  in  press  in  the  previous  year: 

Davis,  A.,  Moore,  I.B.,  Parker,  D.S.  and  Taniuchi,  H. :   Nuclease  B:   A  Possible 
Precursor  of  Nuclease  A,  an  Extracellular  Nuclease  of  Staphylococcus  aureus. 
J.  Biol.  Chem.  252,  6544-6553,  1977. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

To  test  the  thermodynamic  stability  of  an  enzymically  active  derivative 
(LH^ )  of  hen  egg  lysozyme,  containing  three,  presumably,  native  disulfide  bonds 
and  carboxymethylated  cysteines  6  and  127,  three  different  disulfide  bonded  forms 


of  LH   (native,  reduced  and  "scrambled")  are  exposed  to  the  same  concentration  oi 
3-mercaptoethanol  (1.5  mM)  which  permits  the  disulfide  interchange.   At  the 
apparent  equilibrium  state,  all  three  samples  show  similar  ratio  (3:2)  of  native 
to  non-native  forms.   Thus,  the  native  form  is  themodynamically  favored  over  the 
non-native  forms.   The  intermediates ,  formed  during  thiol-catalyzed  renatura- 
tion of  the  scrambled  disulfide  bonds,  have  been  trapped  by  carboxymethylation 
with  1-  C-iodoacetic  acid.   Analysis  of  the  labeled  tryptic  peptides  obtained 
from  the  renatured  forms  appears  to  indicate  that  equilibrium  through  the  di- 
sulfide interchange  between  the  native  and  non-native  isomers  containing  three 
disulfide  bonds  and  two  sulfhydryl  groups  is  the  main  event  of  this  renaturation 
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Project  Description:  ^ 

Objectives:   To  elucidate  the  mechanism  of  the  formation  of  native  disulfide 
bonds  of  proteins  from  their  reduced  states. 

Methods  Employed  and  Major  Findings: 
1.)   A  derivative  of  hen  egg  lysozyme,  sample  LH^  containing  three,  presumably  f^ 
native  disulfide  bonds  and  1-  C-carboxymethylcysteine  -6  and  -127  was  prepared  * 
by  the  method  described  in  the  previous  year.   Sample  LH^  elutes  in  the  elution 
position  of  the  lower  (native)  hydrodynamic  volume  and  exhibits  approximately 
35%  of  enzymic  activity  of  lysozyme  (see  the  previous  report).   The  CD,  UV- 
absorption,  and  tryptophan  fluorescence  spectra  of  sample  LH^  are  similar  to 
those  of  native  lysozyme,  indicating  similarity  of  the  polypeptide  chain  folding 
of  sample  LH  to  lysozyme.   Thus,  the  disulfide  bonds  of  sample  LH^  are  assumed 
to  be  of  natxve  nature.   However,  sample  LH  is  less  resistant  against  trypsin 
digestion  than  native  lysozyme. 

When  reduced  sample  LH   (radioactive)  was  reoxidized  at  a  protein  concentra- 
tion of  0.025  rag/ml  at  pH  8  in  the  presence  of  1.5  mM  g-mercaptoethanol  at  37° 
C  for  24  hours,  analysis  of  the  products  by  gel  filtration  showed  that  60  and  40% 
of  the  radioactivity  eluted  at  the  lower  (LH)  and  the  higher  hydrodynamic  volume 
(HH)  form  position.   The  enzymic  activity  and  tryptophan  fluorescence  spectrum 
of  the  LH  form  was  similar  to  original  sample  LH  . 

Sampel  LH^  containing  scrambled  disulfide  bonds  (the  HH  form  formed  by  incu- 
bation with  |3-mercaptoethanol  in  the  presence  of  8  M  urea)  was  incubated  (in  the 
absence  of  a  denaturant)  with  1.5  mM  3-mercaptoethanol  at  37  C  for  16  h.   The 
products  contained  55  and  45%  of  the  LH  and  the  HH  form,  respectively.  A 

Upon  incubation  of  sample  LH   (the  LH  form)  with  1.5  mM  3-mercaptoethanol  ^ 
at  37  C  for  1,5  and  16  h,  the  distribution  of  the  LH  and  the  HH  form  was  65 
and  35%,  58  and  42%,  and  60  and  40%,  respectively.   When  a  mixture  of  equimolar 
amounts  of  sample  LH^  (the  LH  form,  radioactive)  and  reduced  lysozyme  (instead 
of  3-mercaptoethanol7  was  incubated  at  37  C  for  16  h,  55  and  45%  of  the  radio- 
active sample  were  converted  to  the  LH  and  the  HH  form,  respectively. 

To  determine  free  sulfhydryl  groups  of  sample  LH  incubated  with  3-mercap- 
toethanol, cold  sample  LH^  (containing  non-radioactive  carboxymethyl  cysteine- 
6  and  -127)  was  incubated  with  3-mercaptoethanol  at  37  for  16  h  and  then  reacted 
with  1-  C-iodoacetic  acid  (three  fold  molar  excess  to  the  amount  of  3-mercap- 
toethanol) .   The  LH  and  the  HH  form  (55  and  45%^ .respectively)  thus  formed 
contained  0.8  and  1.2  mol,  respectively  of  the   C  label. 

The  ratio  of  the  LH  to  the  HH  form 
observed  after  these  incubations  is  consistently  3  to  2  indicating 
the  thermodymanic  stability  of  sample  LH^  over  its  isomers  containing  non-native 
disulfide  bonds.   As  reported  in  the  previous  year,  all  eight  isomers  containing 
three  presumably  native  disulfide  bonds  and  one  free  and  one  carboxymethylated 
sulfhydryl  group,  are  formed,  in  comparable  yields,  on  air-oxidation  in  the 
presence  of  1.5  mM  3-mercaptoethanol  from  the  reduced  forms.   Combinations  of    ^L 
these  present  and  the  previous  results  suggest  that  the  four  isomers  of  partiall}^^ 
reduced  lysozyme  containing  three  native  disulfide  bonds  and  two  sulfhydryl 
groups  would  be  thermodynamic ally  favored  over  the  isomers  containing  non- 
native  sets  of  three  disulfide  bonds  and  two  same  sulfhydryl  groups. 

2.)   The  denatured  lysozyme  was  prepared  by  reoxidation  of  reduced  lysozyme 
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in  the  presence  of  6  M  guandine  HCL.   This  denatured  sample  is  monomeric  by 
ultracentrifugal  analysis  and  exhibits  the  higher  hydrodynamic  volume  by  gel 
filtration.   Analysis  by  gel  filtration  of  the  CNBr  cleavage  products  indicated 
that  70%  of  the  denatured  sample  contained  non-native  disulfide  bonds  involving 
Cys  6,  Cys  30,  Cys  115  and  Cys  127. 

This  denatured  lysozyme  0.05  mg/ml  was  incubated  with  1  mM  3-mercaptoethanol 
at  pH  8  at  37  C  for  10  min  and  reacted  with  excess  1-  C-iodoacetic  acid. 
The  products  were  fractionated  by  gel  filtration,  resulting  in  80  and  20% 
of  the  protein  material  eluting  in  the  lower  and  the  higher  hydrodynamic  volume 
form  positions  respectively.   The  HH  forms  contained  approximately  5  mol  the   C 
label.   The  LH  forms  were  further  fractionated  by  ion  exchange  chromatography 
on  Bio  Rex-70.   Four  major  radioactive  samples  LH,  ,  LH  ,  LH  and  LH  and  completely 
renatured  lysozyme  (non-radioactive)  were  obtained  in  yields  of  15,  30,  30, 
10  and  11%  respectively  Samples  LHT,  LH-"-,  LHt^  and  LH^  contained  2.8,  2.3, 
1.6  and  1.0  mol,  respectively  1-  C  carboxymethyl  groups  and  exhibited  15, 
25,  35  and  45%  the  enzymic  activity  of  lysozyme.   Polyacryl  gel  electrophoresis 
of  these  samples  indicated  that  sample  LH  contained  monocarboxymethylated 
species,  sample  LH,  both  mono-  and  di-  carboxymethylated  species,  sampel  LH 
di-  carboxymethylated  species  plus  tricaboxymethylated  species  and  sample 
LH^  tri-carboxjnnethylated  species.   Analysis  of  radioactive  tryptic  peptides 
of  these  samples  by  ion  exchange  chromatography  (see  the  report  of  the  previous 
year)  indicated  the  following: 

Sample  LH  is  consposed  of  the  species  containing  three,  presumably, 
antive  disulfide  bonds  and  one  open  disulfide  bond  between  cys  6  and  cys  127, 
cys  30  and  cys  115  or  cys  64  and  cys  80.   One  open  disulfide  bond  between 
cys  76  and  cys  94  is  very  possible  in  this  species  but  cannot  be  concluded. 
Sample  LH  may  contain  the  species  having  carboxymethycysteine-6  and  -127 
and  three'^native  disulfide  bonds  as  the  major  species.   In  addition,  the  species 
containing  two  native  disulfide  bonds  and  two  open  disulfide  bonds  between 
cys  6  and  cys  127  and  between  cys  80  and  cys  64  or  between  cys  6  and  cys  127 
and  between  cys  76  and  cys  94  are  also  possibly  present  in  sample  LH  .   The 
species  of  sample  LH^  may  have  two  native  disulfide  bonds  and  two  open  disulfide 
bonds.   These  two  open  disulfide  bonds  may  be  the  open  disulfide  bonds  between 
cys  76  and  cys  94  plus  between  Cys  6  and  Cys  127,  between  Cys  76  and  Cys  94 
plus  between  Cys  30  and  Cys  115  or  between  Cys  76  and  Cys  94  plus  Cys  64  and 
Cys  80. 

When  the  denatured  lysozyme  was  incubated  with  an  equimolar  amount  of 
reduced  lysozyme  (instead  of  3-mercapto^thanol)  at  37   for  10  min  and  then 
sulfhydryl  groups  were  trapped  with  1-  "*C-iodoacetic  acid,  the  yield  of  the 
LH  and  the  HH  form  was  approximately  58  and  42%,  respectively.   The  analysis 
of  the  LH  form  species  by  the  same  methods  as  described  above  indicated  the 
following: 

Three  radioactive,  enzymically  active  species,  LH^,  LH^,  and  LH^  and 
completely  renatured  lysozyme  were  present  in  the  LH  form  in  yields  of  approxi- 
mately 25,  10,  35  and  30%,  respectively.   Species  LH  contained  three,  presumably 
native  disulfide  bonds  and  carboxymethyl  cysteine-6  and  -127,  species  LH2, 
three,  presumably  native  disulfide  bonds  and  carboxymethyl  cysteine-76  and  - 
94  and  species  LH.  three  presumably  native  and  carboxymethyl  cysteine-80  and 
one  sulfhydryl  group.   These  three  species  have  been  found  previously  when 
reduced  lysozyme  was  reoxidized  in  the  absence  of  3-mercaptoethanol  and  in 
the  presence  of  Ca   at  37°C  for  10  min  and  trapped  with  1-  C-iodoacetic 
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acid  (see  the  report  of  the  previous  year) . 

Note  that  the  species  containing  native  disulfide  bonds  and  one  open  disulfide 
bond  between  Cys  30  and  Cys  115  is  present  in  the  case  with  3-mercaptoethanol 
catalyzed  renaturation  but  is  absent  in  the  case  with  reduced  lysozyme  catalyzed 
renaturation.   It  has  been  concluded  in  the  previous  year  that  the  formation 
of  the  disulfide  bond  between  Cys  30  and  Cys  115  is  not  a  necessary  prelude 
to  the  formation  of  other  native  disulfide  bonds.   Then,  it  would  follow        ^ 
that  the  presence  and  absence  of  the  intermediate  species  containing  native 
disulfide  bonds  and  one  open  disulfide  bond  between  Cys  30  and  Cys  115  varies 
depending  on  the  ocnditions  employed  for  the  renaturation.   Itwould  further 
follow  that  the  pathway  of  the  formation  of  native  disulfide  bonds  is  variable 
or  flexible.   Thus,  these  observations  seem  to  indicate  that  the  equilibration 
by  disulfide  interchange  of  the  isomers  containing  three  disulfide  bonds  and 
two  cysteinyl  residues,  formed  from  the  denatured  species  by  reduction,  results 
in  the  formation  of  the  species  containing  three  native  disulfide  bonds  and 
one  open  disulfide  bond  which  are  thermodynamically  favored  over  the  non-native 
isomers.   This  event  appears  to  be  important  in  the  present  renaturation  system. 

Significance  to  Biomedical  Research :   The  results  of  the  present  studies 
indicate  the  importance  of  thermodynamic  factors  in  the  steps  of  renaturation 
of  lysozyme  from  the  state  of  scrambled  disulfide  bonds,  as  the  kinetic  pathway 
of  this  renaturation  seems  to  be  flexible.   This  may  be  also  the  case  with 
the  formation  of  native  lysozyme  from  its  reduced  state  which  occurs  in  the 
cells. 
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Proposed  Couse  of  Research: 

1.)   Look  for  possible  derivatives  of  lysozyme  containing  only  one  of 
the  four  native  disulfide  bonds  and  six  cysteinyl  residues  and  examination 
of  their  thermodynamic  stability. 

2.)   Carboxypeptidase  and  aminopeptidase  digestion  of  the  derivative 
carboxymethylated  at  cyteine  -6  and  -127  in  an  attempt  to  get  a  fragment  complemen- 
ting system  to  study  the  intratomic  interactions  responsible  for  the  stabilization 
of  the  three  dimensional  structure. 

3.)   Crystallization  and  X-ray  crystallographic  studies  of  these  derivatives 
and  the  complex. 

4.)   Chemical  stnthesis  of  the  complementary  fragments  in  order  to  obtain 
the  ordered  complex  with  substituted  residues  for  further  studies  of  interatomic 
interactions  and  enzymic  function  of  lysozyme. 

Publication:  Acharya,  A.S.  and  Taniuchi,  H. :   Reduction  and  Renaturation 
of  Hen  Egg  Lysozyme  Containing  Carboxymethyl  cysteines  6  and  127.   Biochemistry, 
in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

In  order  to  develop  the  system  of  the  three  fragment  complex  composed  of 
the  heme  fragment  1-25,  the  apofragment  39-104  and  the  chemically  synthesized 
fragment  23-38,  for  the  study  of  the  conformational  dynamics  and  function  of 
cytochrome  c,  the  polypeptide  containing  the  amino  acid  sequence  of  residues 
23-38  of  cytochrome  c  is  synthesized  using  the  Merrifield  solid  phase  technique 
and  purified. 
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Project  Description:  ' 

Objectives:   Studying  the  dynamics  and  function  of  protein  molecules, 
using  the  three  fragment  complex  system  of  cytochrome  c^. 

Methods  Employed  and  Major  Findings:  The  preceding  studies  in  this  lab- 
oratory, (R.R.  Hantgan,  H.  Taniuchi,  J. B.C.  (1977)  252,  1367-1374;  G.R.  Parr, 
R.R.  Hantgan,  H.  Taniuchi,  J. B.C.,  1978,  accepted  for  publication)  showed  that  | 
fragments  of  cytochrome  c_   could  form  by  non-covalent  bonding  an  active  and 
ordered  complex.   This  is  particularly  true  for  fragment  1-25H*23-104, 
1-38H*39-104,  1-53H*54, 56-104,  and  various  overlapping  fragments.   However, 
at  least  one  complementing  system,  involving  fragment  1-25H  and  39-104,  lead 
to  a  non-productive,  complex.   Our  goal  is  actually  to  study  a  three  fragment 
system  involving  heme  fragment  1-25H  and  apofragments  39-104  and  23-38.   The 
fragment  23-38  is  to  be  synthesized. 

Abbreviations:   AcOH,  acetic  acid;  DTT,  dithiothreitol;  DTNB,  5,5'dithio- 
(infrabenzoate) ;  NEM,  N-ethylmaleimide;  Boc,  t-butyloxycarbonyl;  Dnp,  dinitro- 
phenyl;  TFA,  trif luoroacetic;  DMF,  N,N-dimethylformamide;  H,  heme;  Tea,  tri- 
ethylamine;  Hobt,  1-hydroxybenzotriazole;  ONP,  orthonitrophenylester. 

Apoprotein  (1-104)  (W.R.  Fischer,  H.  Taniuchi,  C.B.  Anfinsen,  J. B.C.  (1973) 
248,  3188-3195.   The  heme  group  was  remover"  by  treatment  with  silver  sulfate, 
the  protein  was  isolated  subsequently  by  gel  filtration  on  G50  in  0.1  M  acetic 
acid.   The  resulting  silver  mercaptide  bond  was  reduced  with  large  excess  of 
DTT.   The  amount  of  free  sulfhydryl  groups  was  determined  using  DTNB  and  NEM 
and  was  found  to  be  2  mol . 

In  order  to  avoid  aggregation  due  to  oxidation,  the  free  SH  groups  were 
alkylated  with  NEM  and  the  protein  was  purified  by  gel  filtration  on  G50. 

Apofragment  39-104.   Residue-38  was  one  of  the  two  Arg  in  Horse  Heart 
Cytochrome  c,  so  it  was  possible  to  cleave  specifically  the  peptide  bond  38/39 
with  clostripain  (1/100  enzyme/substrate,  w/w) .   The  fragment  39-104  was 
separated  from  unreacted  material  by  gel  filtration  on  G50  Fin  10%  AcOH.   The 
amino  acid  analyses  showed  a  composition  expected  for  fragment  37-104.   It  is 
interesting  to  mention  that  the  peptide  bond  involving  the  carboxy  group  of 
Arg  91  was  not  cleaved,  probably  due  to  the  proximity  of  two  negatively  charged 
residues  (Glu  90  and  92,  Asp  93). 

Heme  Fragment  1-38H  (G.R.  Parr,  R.R.  Hantgan,  H.  Taniuchi,  J. B.C.,  1978, 
accepted  for  publication) .   Horse  heart  cytochrome  c_  (Sigma  VI)  was  first 
trif luoroacetylated  and  purified  by  gel  filtration  (Sephadex  G75) .   This 
chemically  modified  cytochrome  £  was  subjected  to  a  trypsin  digestion  followed 
by  gel  filtration  with  Sephadex  G50  f .   The  resulting  heme  peptide  was  deblocked 
with  a  1  M  pyperdine  solution  and  finally  purified  by  ion  exchange  chroma- 
tography on  SP  Sephadex  C25 . 

The  amino  acid  analyses  agreed  well  with  the  presumed  composition. 

Heme  Fragment  1-25H.   An  equimolar  amount  of  heme  fragment  1-38H  and 
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apo-protein  1-104  were  dissolved  in  0.3  M  phosphate  buffer  pH  7.0.   The  sol'J" 
tion  containing  resulting  complex  was  deaerated,  equilibrated  with  argon,  and 
added  with  a  threefold  excess  of  ascorbate.   The  reduced  (Fe   )  complex  was 
subjected  to  limited  tryptic  digestion.   The  digestion  was  quenched  by  addition 
of  a  1%  soybean  inhibitor  (6-fold  excess)  and  the  complex  isolated  by  gel  fil- 
tration on  G50  F  in  2  M  AcOH.   The  amino  acid  compposition  agreed  with  the 
theoretical  composition  of  fragment  1-25. 

Synthetic  Apofragment  23-38.   The  solid  phase  technique  was  chosen  for 
synthesing  this  fragment.   Merrifield's  procedure  (R.B.  Merrifield,  J.A.C.S. 
(1963)  _85,  2149-54)  was  generally  used  with  some  modifications. 

Following  protected  amino  acids  were  used:   Boc  Arg  (NO  )  ,  Boc-Gly, 
Boc  Phe,  Boc  Leu,  Boc  His  (DNP) ,  Boc  Lys  (TFA) ,  Boc  Thr  (BzlJ,  Boc  Pro  and 
Boc  Asn  (DNpT) . 

The  carboxy  (ONp)  terminal  residue  was  coupled  to  the  chloromethylated 
resin  as  a  cesium  salt  (Boc  Arg  (N0„)  Cs) .   This  esterif ication  took  place  in 
warm  (79aC)  DMF  for  15  hours. 

Deblocking  of  the  a-amino  groups  was  performed  in  50%  trifluoroacetic  acid 
in  methylene  chloride,  except  for  the  second  amino  acid  (Boc  Gly  Arg  (NO^)- 
resin) ,  where  HCl  4N  in  dioxane  was  used  in  order  to  avoid  the  risk  of  diketo- 
piperazine  formation  and  resultant  loss  of  the  peptide  (B.F.  Gisin,  R.B.  Merri- 
field, J.A.C.S.  (1972)  94.  3102-3106). 

Neutralization  was  achieved  in  5%  TFA/CHC1„  and  coupling  was  performed 
with  DCC/Hobt  (W.  K8nig,  R.  Geiger,  Chem.  Ber.  U970)  103,  788-798. 

The  synthetic  peptide  was  finally  removed  from  the  resin  with  HF  in  the 
presence  of  anisole  (S.  Sakakibara,  Y.  Shimonishi,  Y.  Kishida,  M.  Okada, 
H.  Sugihara,  Bull.  Chem.  Soc.  Jap.  (1967)  40,  2164-67)  and  purified  on 
Sephadex  G-10  in  5%  formic  acid. 

Drp  and  Tfa  groups  were  stable  in  anhydrous  HF  and  must  be  removed  in 
subsequent  steps. 

The  DNP  groups  were  removed  with  250-fold  excess  of  2-mercaptoethanol  at 
pH  8.0.   The  pH  was  continuously  adjusted  to  pH  8.0  by  adding  diluted 
ammonia.   A  higher  pH  is  to  be  avoided  because  of  too  fast  oxydation  of  2- 
mercaptoethanol.   Further  gel  filtration  on  GIO  was  performed  to  purify  this 
peptide  and  the  Tfa  groups  were  then  deblocked  in  1  M  piperdine. 

The  peptide  was  then  intensively  purified  by  ion  exchange  chromatography 
on  SP-Sephadex  C-25  and  gel  filtration  on  G-10. 

Peptide  maps  of  tryptic  digestion  of  this  synthetic  peptide  shows  the 
spot  23-25  and  28-38  characteristic  of  hemepeptide  1-38  digest. 

Significance  to  Biomedical  Research:   The  factors  involved  in  maintaining 
the  ordered  structure  of  proteins  are  not  well  known.   Since  the  ordered 
structure  of  proteins  possesses  the  biological  function,  understanding  the 
dynamic  mechanism  responsible  for  the  formation  of  the  ordered  structure  is 
fundamental  to  understanding  the  protein  function.   This  three  fragment  complex 
of  cytochrome  c_,    if  developed,  is  expected  to  give  an  excellent  testing  object 
to  investigate  whether  a  unique  potential  function  is  operating  in  the  ordered 
structure  in  order  to  bind  the  polypeptide  chain.   For  measurements  of  the 
fragment  exchange  rate  would  give  an  unequivocal  answer  to  the  question  whether 
the  binding  energy  of  each  fragment  is  the  same.   Since  one  of  the  three  frag- 
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ments  is  being  chemically  synthesized,  the  system  can  be  used  also  for  the 
study  of  the  effect  of  substitution  of  residues  on  the  dynamics  and  function 
of  cytochrome  c_. 

Proposed  Course  of  Research: 

1)  Further  purification  of  the  synthetic  peptide  in  order  to  eliminate 
incorrect  compound. 

2)  Testing  the  3  complex  systems:   a)  biological  activity,  b)  fluores- 
cence quenching,  c)  CD,  d)  gel  filtration  analysis,  e)  light  absorbance,  f) 
binding  kinetics  using  fast  kinetic  technique. 

3)  Fragment  labeling  for  exchange  studies,  in  order  to  test  if  the  bind- 
ing energy  is  the  same  with  each  of  the  three  fragments. 

Publication: 

Hantgan,  R.R.  and  Taniuchi,  H. :   Conformational  Dynamics  in  Cytochrome  £  -  A 
Fragment  Exchange  Study.   J.  Biol.  Chem. ,  in  press. 
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SUMMARY  OF  /(ORK  (200  words  or  less  -  underline  ke^-^ords) 

Using  non- precipitating  monospecific  antibodies  we  are  studying  the  confor- 
mations of  hemoglobins  in  solution.   Hemoglobin  A  and  A^  have  been  isolated, 
purified  and  isotopically  labeled  either  by  carbamoylatioii  with  K  CNO  or  by 
reductive  alkylation  with  tritiated  borohydride.   A  specific  subpopulation  of 


anti-hemoglobin  antibodies  has  been  isolated  by  affinity  chromatography  using  a 


synthetic  peptide  corresponding  to  a (129-141)  and  has  been  used  in  a  radioimmuno- 
or 

1^ 


assay  to  study  conformational  changes  that  occur  during  oxygenation  at  the   „ 
carboxy- terminus  of-.^  chains.   These  antibodies  bind  with  an  affinity  of  5x10 
pi   to  CO-liganded   [C]  hemoglobin  and  increase  the  oxygen  affinity  of  hemoglobin 
A.  second  subpopulation  of  antibodies  has  been  isolated  that  react  specifically 
With   [H]-hemoglobin  A- .   These  antibodies  have  been  used  in  a  radioimmunoassay 

levels  in  serum  and  cells  and  to  differentiate  A„  from 


to  detect  hemoglobin  A 

ther  normal  and  mutant  hemoglobins 

In  addition  to  these  immunologic  studies,  we  have  undertaken  investigation 

nto  the  role  of  2. 3- PPG  as  a  regulator  of  hemoglobin  oxygen  affinity.  In  our 
^nitial  studies  we  have  purified  the  three  enzymes  that  regulate  intracellular 
^,3  DPG  levels  and  are  conducting  further  physico-chemical  studies  of  them. 
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Project  Description: 

Objectives ;  This  laboratory  continues  to  maintain  its  strong  interest  in 
the  use  of  monospecific  antibodies  as  probes  of  protein  conformation  and  struc- 
ture.  We  have  recently  isolated  two  specific  antibody  populations:   one  that 
recognizes  changes  in  the  conformation  of  hemoglobin  A  as  it  changes  from  the 
T  state  (deoxy)  to  the  R  state  (oxy) ,  and  another  that  is  specific  for  hemoglo- 
bin A„  and  can  differentiate  it  from  closely  homologous  hemoglobin  species. 

In  addition,  during  the  last  nine  months  we  have  conducted  a  thorough  sur- 
vey of  the  literature  and  written  a  review  article  entitled  "Sickle  Cell  Anemia: 
Molecular  and  Cellular  Bases  of  Therapeutic  Approaches"  (New  England  Journal  of 
Medicine,  in  press) .   As  an  outgrowth  of  this  study  we  have  undertaken  to  in- 
vestigate the  metabolism  of  2,3-DPG  in  the  red  cell  so  as  to  better  understand 
the  intracellular  regulation  of  hemoglobin  oxygen  affinity  and,  perhaps,  offer 
new  approaches  to  therapeutic  intervention  in  sickle  cell  anemia. 

Methods  and  Major  Results: 

Hemoglobin  A 


f 


Hemoglobin  A  has  been  chromatographically  purified  on  DEAE  Sephadex 
and  isotopically  carbamoylated  with  K  CNO.   The  extent  of  modification  has 
been  determined  independently  by  hydantoin  analysis  and  the  quantitation  of 
homocitrulline  as  well  as  by  specific  activity.   Although  structurally  similar 
to  unmodified  hemoglobin,  the  carbamoylated  protein  does  have  a  slightly 
higher  oxygen  affinity. 

Sheep  immunized  with  A  hemoglobin  have  produced  antisera  which  discrimi- 
nates poorly  between  R  (oxy;  and  T  (deoxy)  forms  of  hemoglobin  when  analyzed 
by  quantitative  precipitin  curves  or  by  a  double  antibody  radioimmunoassay.   To 
improve  the  ability  of  the  antisera  to  differentiate  between  the  two  states  we 
have  used  affinity  chromatography  to  isolate  a  subpopulation  of  antibodies  that 
are  specific  for  the  carboxyl  terminus  of  the  a.   chain  of  hemoglobin.  It  is  in 
this  region  of  the  chain  that  the  penultimate  tyrosine  and  carboxyl-terminal 
arginine  residues  become  exposed  to  the  solvent  in  the  oxy  (R)  state  (having 
been  protected  in  the  deoxy  (T)  conformation) . 

To  isolate  such  a  monospecific  subpopulation  of  antibodies  we  have  syn- 
thesized a  tridecapaptide,  a  (129-141),  homologous  to  the  carboxyl  terminus  of 
the  a  chain  by  the  Corley  modification  of  Merrifield  solid  phase  synthesis. 
This  peptide  was  used  to  prepare  a  Sepharose-peptide  affinity  column  that 
bound  a  monospecific  set  of  antibodies. 

These  monospecific  antibodies  were  then  used  in  a  direct  binding  assay 
with  the  various  liganded  species  of   C  carbamoylated  hemoglobin.   The  bound 
hemoglobin  was  separated  from  the  free  hemoglobin  by  a  precipitating  second 
antibody  (burro-anti-sheep  IgG)  and  the  liganded  state  under  assay  conditions 
was  confirmed  spectrophotometrically.   Particular  care  was  needed  in  deoxygen- 
ating  the  dilute  hemoglobin  solution  in  order  to  prevent  the  formation  of 
methemoglobin. 

These  specific  antibodies,  anti  a (129-141)  bind  with  a  high  affinity 
(5x10  M  )  to  all  liganded  states  of  hemoglobin  (oxy,  carbonmonoxide ,  meth) 
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as  compared  to  deoxy  hemoglobin.   Because  anti  a(129-141)  antibodies  prefer- 
entially bind  to  liganded  hemoglobin,  they  should  stabilize  the  hemoglobin  in 
the  oxy  conformation.   We  were  able  to  confirm  this  by  observing  that  anti 
a(129-141)  antibodies  increase  the  oxygen  affinity  of  hemoglobin  A  when  pre- 
sent in  stoichiometric  amounts.   Using  a  Hem-0-Scan  we  were  able  to  demonstrate 
an  increase  in  the  p50  from  2  mm  Hg  to  15  mm  Hg  accompanied  by  a  decrease  in 
the  Hill  coefficient.   This  increase  in  oxygen  affinity  is  compatible  with  the 
free  energy  gain  anticipated  by  the  binding  of  anti-a (129-141)  antibodies  to 
liganded  hemoglobin. 

Hemoglobin  A, 

An  analogous  strategy  was  attempted  in  preparing  a  specific  assay  for 
hemoglobin  A  .   Whole  antisera  was  obtained  from  sheep  immunized  with  hemoglobin 
H„  and  this  sera,  as  determined  by  quantitative  precipitin  curves,  could  par- 
tially differentiate  among  A^ ,  A  and  F  hemoglobins.   Hemoglobin  A^  was 
tritiated  to  a  specific  activity  of  1x10  dpm/M  of  heme  protein  by "alky la ting 
it  with  formaldehyde  to  form  a  Schiff's  base  which  was  then  reduced  with 
tritiated  borohydride.   A  double  antibody  radioimmunoassay  was  used  to  analyze 
the  specificity  and  sensitivity  of  the  antisera.   Although  there  was  a  quanti- 
tative difference  in  the  ability  of  unlabeled  hemoglobins  A  ,  F  and  A^  to  dis- 
place tritiated  hemoglobin  A  from  the  antisera,  there  was  considerable  overlap 
among  these  species.   Therefore,  a  synthetic  peptide  from  the  delta  chain, 
5  (5-13) ,  was  used  as  an  immunoabsorbant  in  an  attempt  to  isolate  monospecific 
anti-hemoglobin  A  antisera.   Although  the  specificity  was  improved,  it  was 
still  not  optimum,  and  so  hemoglobin  A  was  attached  to  Sepharose  and  used  as 
an  immunoabsorbant.   The  initial  flow  thru  peak  contained  antibodies  that  could 
detect  hemoglobin  A  with  specificit 
other  homologous  hemoglobin  species. 


detect  hemoglobin  A  with  specificity  and  sensitivity  even  in  the  presence  of 


Metabolism  of  2,3  PPG 

Preliminary  experiments  have  been  undertaken  to  isolate  and  purify  the 
three  enzymes  that  directly  regulate  levels  of  2,3-DPG  in  red  cells:   diphospho- 
glycerate  synthase,  which  catalyzes  the  conversion  of  1,3-DPG  to  2,3-DPG; 
diphosphoglycerate  phosphatase  which  dephosphorylates  2,3-DPG  to  3-PGA;  and 
monophosphoglycerate  mutase  which  converts  3-PGA  to  2-PGA  with  2,3-DPG  as  an 
intermediate.   Although  minute  quantities  of  2,3-DPG  exist  in  all  human  tissues, 
it  is  present  in  its  highest  concentration,  5  mM,  in  the  red  cell.   Outdated 
banked  blood  was  used  to  obtain  the  three  enzymatic  activities  using  modifica- 
tions of  previously  reported  isolation  procedures.   Because  multiple  enzymatic 
activities  have  been  associated  with  the  isolated  proteins  more  extensive 
investigations  including  two-dimensional  gels,  N-terminal  analyses,  etc.  are 
being  undertaken  to  ascertain  the  purity  of  the  isolated  enzymes.   If  all 
three  of  the  enzymatic  activities  can  be  ascribed  to  a  single  protein,  struc- 
tural studies  will  be  undertaken  to  better  delineate  active  sites,  their 
homologies  with  other  similar  proteins,  and  the  regulation  of  their  activity. 

Significance  to  Biomedical  Research  and  Proposed  Course  of  Project:   Ele- 
gant studies  by  Perutz  and  his  colleagues  in  the  1960 's  have  shown  significant 
tertiary  and  quartemary  changes  in  the  conformation  of  hemoglobin  upon  oxygena- 
tion.  We  hope  that  an  assay  using  monospecific  antibodies  to  oxyhemoglobin  in 
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solution  will  complement  these  crystallographic  studies  and  give  further  informa- 
tion about  the  dynamics  of  this  conformational  shift.   We  also  plan  to  use  the 
Oxy-Deoxy  assay  to  look  at  mutant  hemoglobins  with  abnormal  oxygen  affinity  in 
order  to  better  define  structure-function  relationships. 

Antibodies  specific  to  hemoglobin  A  will  have  direct  clinical  application  ^^ 
in  measuring  levels  of  A  in  the  fetus  and  in  the  adult,  as  well  as  distinguish-*^^ 
ing  hemoglobin  A  from  other  hemoglobins  (such  as  hemoglobin  C)  which  have  a 
similar  electrophoretic  mobility.   We  also  will  use  this  assay  to  quantitate 
hemoglobin  in  individual  cells  in  order  to  examine  at  the  molecular  level  the 
synthesis  of  hemoglobin  A„. 

Better  understanding  of  the  regulation  of  2,3-DPG  levels  in  the  red  cell 
could  lead  to  the  inhibition  of  2,3-DPG  production.   This  would  increase  the 
oxygen  affinity  of  hemoglobin  and  perhaps,  off  a  new  approach  to  the  therapy 
of  sickle  cell  anemia. 

Publication : 

Dean,  J.  and  Schechter,  A.N.:   Sickle  Cell  Anemia:   Molecular  and  Cellular 
Bases  to  Therapeutic  Approaches,  (Medical  Progress  Series)  New  England  Journal 
of  Medicine,  in  press. 
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SUMMARY    OF    jJORK    (200    «ords    or    less   -    underline    keywords) 

The  ability  to  raise  an  immune  response  to  specific  antigens  has  recently 
been  shown  to  be  under  genetic  control,  linked  to  the  major  histocompatibility 
complex  (MHC)  in  several  species  studied.   In  the  mouse,  a  number  of  synthetic 
antigens  have  been  found  subject  to  this  H-2  linked  control,  but  only  a  few 
natural  globular  proteins  have  been  studied  as  antigens,  among  these,  staphylococi- 
cal  nuclease.   We  have  now  tried  to  delineate  the  individual  antigenic  determinants 


on  this  protein  which  are  responsible  for  this  genetic  control  of  the  immune  re- 
sponse in  inbred  strains  of  md.ce,  in  order  to  better  understand  the  mechanisms   I 
involved.   We  have  found  that  a  single  peptide  fragment  of  the  protein  appears  to' 
be  under  the  same  control  as  the  whole  molecule.   Furthermore  when  antibodies  mad 
to  the  whole  nuclease  molecule  are  studied  for  their  specificity,  we  have  found 
that  the  H-2  linked  immune  response  genes  can  control  the  response  to  individual 
determinants  on  the  same  molecule  independently  of  one  another,  and  therefore 
:nay  be  involved  in  the  selection  of  specific  B  lymphocytes  rather  than  only  T 
:ells. 
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Project  Description: 

Objectives:   It  has  previously  been  shown  that  inmune  response  genes  (Ir 
genes)  which  map  within  the  major  histocompatibility  couples  (H-2)  of  mice 
determine  the  ability  of  various  inbred  strains  of  mice  to  response  to  diverse 
antigens  with  antibody  production  and/or  cellular  immunity.   These  are  appar- 
ently a  separate  level  of  regulator  genes,  which  have  the  ability  to  recognize 
and  distinguish  a  broad  range  of  immunogenic  determinants.   In  synthetic  poly- 
peptide antigen  studies  these  determinants  have  generally  been  identified  with 
backbone  or  "carrier"  determinants.   However,  natural  protein  antigens  have 
not  been  widely  studied,  and  it  is  not  clear  what  part  of  the  molecule  might 
serve  this  "carrier"  function,  or  how  it  might  be  recognized.   One  objective 
of  this  study  is  to  understand  these  mechanisms.   Previous  investigations  have 
shown  that  the  antibody  response  to  staphylococcal  nuclease  in  mice  is  under 
H-2  linked  Ir  gene  control.   In  order  to  understand  the  mechanisms  of  Ir  gene 
control  of  the  response  to  natural  globular  protein  antigens,  we  have  under- 
taken to  delineate  the  response  to  nuclease  by  a  study  of  the  course  of  the 
response  with  time  and  by  using  peptide  fragments  representing  subregions  of 
the  molecule  in  five  inbred  strains  of  mice. 

Major  Results  and  Methods  Employed: 

1.  Using  an  assay  for  antibodies  to  whole  nuclease  by  inhibition  of 
enzymatic  activity,  we  have  found  that  the  strains  A/J  and  BIO -A,  which  share 
the  same  high  responder  H-2  haplotype  but  differ  at  other  genetic  loci,  have 
consistently  different  levels  of  anti-nuclease  response  even  with  multiple 
boosting.   This  result  implies  non-H- 2- linked  control  of  the  magnitude  of  the 
response  as  well  as  the  H-2  linked  control. 

2.  The  BIO  strain  (H-2  ),  a  low  responder  in  the  initial  response,  even- 
tually produces  antibody  levels  comparable  to  the  high  responder  BlO-A  congenic 
strain  after  several  boosts,  when  inhibition  of  whole  nuclease  is  the  assay-, 

3.  Using  newly  developed  radioimmunoassays  for  antibodies  binding  to   C- 
labeled  fragments  of  nuclease  corresponding  to  residues  99-149  and  1-126 
(prepared  as  described  in  the  previous  report) ,  it  was  found  that  the  concen- 
tration of  antibodies  made  to  whole  nuclease  which  bound  to  the  1-126  frag- 
ment was  approximately  the  same  in  the  two  congenic  strains  BIO  and  BIO "A. 

In  contrast,  a  markedly  lower  concentration  of  the  antibodies  bound  to  the 
99-149  fragment  in  the  BIO  than  in  the  BIO -A  strain.   Therefore,  since  the 
strains  differ  only  at  H-2,  an  H-2  linked  Ir  gene  can  control  the  response  to 
individual  determinants  on  the  same  antigen  molecule  independently  of  one 
another,  contrary  to  expectations. 

This  result  also  explains  the  delayed  response  of  BIO  mice  compared  to 
BIO 'A  when  binding  to  whole  nuclease  was  measured,  since  the  BIO  mice  never 
produced  as  much  antibody  to  the  99-149  region,  but  presumably  were  making 
antibodies  to  weaker  determinants  in  other  regions  of  nuclease  after  multiple 
boosts. 

4.  The  high  responder  A/j  and  SJL  mice  were  also  found  to  make  a  signifi- 
cant response  to  the  99-149  region  of  nuclease  when  immunized  with  the  whole 
molecule. 
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5.  I'lhen   the  individual  fragments  themselves  were  used  as  immunogens  in 
five  strains  of  mice  (3  high  and  2  low  responders) ,  and  sera  from  individual 
mice  tested  individually  using  groups  of  8-12  mice  per  strain  per  immunogen 
over  3  immunizations,  it  was  found  that  response  to  the  99-149  fragment 
followed  the  same  pattern  as  that  to  whole  nuclease.   However,  the  BIO,  which 
was  a  low  responder  to  nuclease  and  showed  increased  response  with  boosting, 
was  a  nonresponder  to  the  99-149  fragment,  even  after  3  immunizations.   In 
contrast,  all  of  the  strains  (except  the  other  low  responder,  DBA/1)  responded 
to  the  1-126  fragment.   A  third  fragment,  6-48,  used  as  a  control  for  its 
similarity  to  99-149  in  size  and  charge,  was  a  poor  immunogen  in  all  5  strains 
studied.   Thus,  the  response  to  one  peptide  fragment  of  nuclease  appears  to  be 
under  the  same  genetic  control  as  that  to  whole  nuclease,  despite  the  largely 
random  conformation  of  the  peptide. 

6.  The  T-lymphocyte  proliferative  response  to  nuclease  was  measured  using 
the  mouse  peritoneal  exudate,  T-lymphocyte  enriched  cells  (PETLES)  assay. 
Genetic  control  by  MHC-linked  Ir  genes  could  be  discerned.   Genetic  mapping 
initially  localized  the  gene  to  the  I-B  subregion,  but  some  results  suggest 
more  complex  control.   Indeed,  the  recombinant  data  suggest  control  involving 
several  Ir  genes  in  the  I^,  K,  and  D  regions. 

Significance  to  Biomedical  Research:   The  mechanism  of  the  genetic  control 
of  the  immune  response  is  important  in  understanding  the  steps  leading  from 
immunization  with  an  antigen  to  the  final  production  of  antibodies.   It  is  also 
important  in  understanding  the  diseases  whose  pathogenesis  is  partially  immun- 
ological -  such  as  the  autoimmune  diseases  and  immune  deficiency  states,  in- 
cluding the  specific  immune  deficiency  seen  in  cancer.   Our  results  have  the 
following  specific  implications  about  this  genetic  control:   1)  The  additional 
non-H-2  linked  control  of  the  antibody  response  suggests  other  independent 
mechanisms  of  control  which  may  be  studied.   2)  The  finding  of  a  fragment  of 
nuclease  which  may  be  under  the  same  control  as  the  whole  molecule  opens  up 
the  possibility  of  further  delimiting  the  regions  which  determine  the  immune 
response  recognition  by  the  use  of  other  natural  and  synthetic  peptides. 
3)  If  the  interpretation  is  correct  that  H-2  linked  genetic  control  can  be  the 
same  for  a  random  conformation  fragment  as  for  native  nuclease,  then  this 
suggests  either  a)  that  the  receptors  involved  show  less  conformational  speci- 
ficity than  the  antibodies  ultimately  produced  (which  distinguish  sharply  be- 
tween native  and  random  conformations)  or  b)  that  the  key  determinant  recog- 
nized is  short  or  flexible  enough  to  not  differ  significantly  between  the  ran- 
dom and  native  structures.   4)  The  result  that  the  response  to  two  different 
determinants  on  the  same  molecule  can  be  controlled  independently  by  H-2  linked 
genes  in  strains  that  share  the  same  immunoglobulin  structured  genes,  suggests 
that  H-2  linked  Ir  gene  control  is  exerted  at  the  level  of  selection  of  specific 
B  cells,  and  raises  serious  doubt  about  the  popular  model  which  states  that  the 
presence  of  T  cells  which  can  recognize  a  single  "carrier"  determinant  on  the 
molecule  is  sufficient  to  allow  triggering  of  B-cell  response  to  any  determinant 
on  the  same  molecule.   5)  The  study  of  genetic  control  at  the  T  cell  level 
allows  one  to  discern  the  role  of  specific  genes  on  the  regulation  of  the  immune 
response.   The  careful  study  of  nuclease  and  its  fragments  in  this  way  should 
yield  important  information  about  these  factors  for  globular  proteins. 
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Proposed  Course  of  Project:   This  project  has  been  discontinued  for  the 
present. 

Publications: 

Berzofsky,  J,A. ,  Pisetsky,  D.S.,  Schwartz,  R.H.,  Schechter,  A.N.  and 
Sachs,  D.H. :   Genetic  Control  of  the  Innnune  Response  to  Staphylococcal 
Nuclease  in  Mice.   In  Atassi,  M.Z.  and  Stavitsky,  A.B.  (Eds.)  Immunology 
of  Proteins  and  Peptides  I,  New  York,  Plenum,  1978,  pp.  241-258. 

Schwartz,  R.B.,  Berzofsky,  J. A.,  Horton,  C.L.,  Schechter,  A.N. ,  and 
Sachs,  D.H.:   Genetic  Control  of  the  T-lyraphocyte  Proliferative  Response 
to  Staphylococcal  Nuclease:   Evidence  for  Multiple  MHC-linked  Ir  Gene 
Control.   J.  Immunology  120,  174-179,  1978. 
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Human  fetal  hemoglobin  (HbF)  differs  from  HbA  in  both  functional  and  struc- 
trual  aspects.   These  differences  are  evidenced  by  the  weaker  affinity  of  HbF 
for  2,3-diphosphoglyceric  acid,  and  by  the  non-participation  of  HbF  in  gel  forma- 
tion with  HbS.   We  are  using  immunoabsorption  with  hemoglobin  A  to  isolate  non- 
precipitating  antibodies  specific  for  the  5  chains  of  hemoglobin  F  which  do  not 

cross  react  with  HbA  or  other  hemoglobins.   A  radioimmunoassay  using  reductively 
nethylated   [H] -hemoglobin  F  and  synthetic  peptides  from  regions  of  the  5  chains 
will  be  used  to  assess  the  specificity  of  binding.   The  antibodies  will  be  use- 
ful in  quantitating  small  amounts  of  HbF  in  standard  laboratory  procedures  and 
in  prenatal  diagnosis  of  hemoglobinopathies .   Antibodies  obtained  by  similar 
nethods  will  be  used  to  identify  mutant  hemoglobins  in  cell  culture. 
I     We  have  also  obtained  crystals  of  met-HbF  of  suitable  size  for  X-ray  dif- 
fraction studies.   The  specific  antibodies  and  X-ray  studies  will  give  informa- 
:tion  on  the  conformational  and  surface  structural  characteristics  of  HbF  which 
are  the  basis  of  its  immunogenic  behavior. 
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Project  Description: 

Objectives :   Immunologic  studies  in  our  laboratory  of  staphylococcal  nuc- 
lease and,  subsequently,  of  human  hemoglobin,  have  used  several  new  approaches. 
First,  antibodies  directed  against  specific  regions  of  the  amino  acid  sequence 
of  these  proteins  have  been  isolated.   Such  antibody  populations  are  sensitive  £ 
to  protein  conformation  in  the  region  of  their  specificity.   Second,  radioimmunf 
assays  have  been  used  to  demonstrate  the  specificity  of  the  binding  of  such  re- 
stricted antibody  populations  and  to  quantitate  the  ability  of  proteins  fragments 
(especially  synthetic  peptides)  representing  the  region  of  antibody  specificity 
to  compete  in  this  specific  interaction.   In  addition,  the  cross  reactivity  of 
closely  related  proteins  may  be  quantitated  by  these  methods . 

Human  fetal  hemoglobin  has  39  amino  acid  differences  from  HbA.   Some  of 
these  substitutions  result  in  new  antigenic  determinents  unique  to  fetal  hemo- 
globin.  The  goal  of  this  project  is  the  isolation  of  antibodies  specific  for 
HbF  and  their  use  to  quantitate  precisely  fetal  hemoglobin  in  research  and 
clinical  situations  as  well  as  to  gain  an  understanding  of  the  nature  of 
the  antigenic  determinents  unique  to  the  surface  topology  and  structure  of  this 
hemoglobin.   To  this  end  a  study  of  the  crystal  habit  of  HbF  is  also  being  under- 
taken.  We  are  also  applying  these  techniques  to  the  isolation  of  antibodies  to 
hemoglobin  mutants,  which,  when  they  appear  in  cultured  cells,  may  be  related  to 
the  mutation  rate  experienced  by  the  cells. 

Methods:   The  isolation  of  human  HbF  from  umbilical  cord  blood  samples  and 
sickle  cell  anemia  patients  with  high  levels  of  HbF  has  been  carried  out  by     M 
standard  ion-exchange  chromatographic  procedures  and  analyzed  for  purity  by     W 
isoelectric  focusing  in  polyacrylamide  slab  gels.   HbF  was  reductively  methylated 
with   [H]  sodium  borolydride.   Hemoglobin  A  was  purified  from  bank  blood  and 
labelled  similar  methods. 

HbA  was  coupled  to  Sepharose  beads  by  CNBr  activation.   Antisera  to  HbF 
was  raised  in  sheep.   A  HbA-Sepharose  conjugate  was  used  to  absorb  all  of  the 
sheep  anti-HbF  antibodies  capable  of  cross  reacting  with  HbA.  -The  sepcificity 
of  this  procedure  was  quantitated  in  a  radioimmunoassay  using   [H]-HbF.   Similar 
absorption  and  analysis  procedures  have  been  carried  out  to  develop  radioimmuno- 
assays for  HbA  and  HbS.   Peptides  have  been  prepared  using  a  rapid  modification 
of  the  Merrifield  solid-phase  method  and  purified  by  gel  filtration. 
They  have  been  analyzed  for  completeness  of  each  coupling  step 
by  the  2,hydroxynaphthaldehyde  method  and  for  overall  purity  by  fingerprinting, 
amino  acid  analysis,  and  high  pressure  liquid  chromatography. 

Crystallization  trials  have  been  carried  out  using  a  vapor  diffusion  method 
and  the  conditions  described  by  Perutz  for  the  crystallization  of  human  HbA. 
Crystallization  of  met-HbF  has  been  attempted  in  order  to  produce  a  crystal  of 
suitable  durability  of  X-ray  study. 

Major  Results:   Highly  purified  HbF  has  been  isolated  from  cord  blood      ^ 
samples.   HbF  has  been  tritiated  to  high  specific  activity  by  reduction  with    " 

[H] -sodium  borohydride  (approaching  10  DPM/mg  specific  activity) .   Antibodies 
specific  for  HbF  have  been  isolated  by  immunoab sorption  with  HbA.   In  a  highly 
sensitive  radioimmunoassay  these. antibodies  were  found  to  bind  to  HbF  with  an 
affinity  constant  of  about  10  M   and  measure  HbF  in  the  nanagram  range. 
Cross  reactivity  with  HbA  is  not  seen  until  concentrations  four  orders  of  magni- 
tude higher  are  used  which  defines  the  broad  concentration  range  over  which  the  ^ 
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antibodies  are  totally  specific  for  HbF.   Accurate  determination  of  the  amount 
of  HbF  present  is  possible  even  when  it  represents  only  1  part  in  10,000  of 
the  total  hemoglobin  in  the  sample.   Preliminary  experiments  indicate  it  will 
be  possible  by  this  method  to  quantitate  the  amount  of  HbF  present  in  samples 
obtained  from  fetuses  for  the  antenatal  diagnosis  of  hemoglobin  opathies.   A 
specific  radioimmunoassay  for  HbA  has  also  been  developed  for  use  in  such 
studies. 

Peptides  representing  specific  regions  of  the  HbF  molecule  have  been  synthe- 
sized.  The  radioimmunoassay  is  suitable  for  assessing  the  ability  of  such 
peptides  to  displace   [H]-HbF  from  the  specific  antibodies,  thus,  indicating  theii 
contribution  as  antigenic  determinants  for  HbF. 

Crystals  of  met-HbF  have  been  obtained  at  4  C,  2.5  M  phosphate  buffer  and 
4  gm%  HbF  concentration.   Typical  crystal  sizes  are  1  x  0.6  x  0.6  mm.   The 
quality  of  the  crystals  is  suitable  for  diffraction  studies. 

Peptides  representing  the  additional  amino  acids  present  on  the  chain  elon- 
gation mutants,  Hb  Wayne  and  Hb  Cranston,  have  also  been  synthesized.   The 
peptide  representing  the  COOH-terminal  15  amino  acids  of  the  3  chain  of  Hb 
Cranston  has  been  used  to  immunize  animals  in  an  attempt  to  stimulate  the 
production  of  antibodies  specific  for  this  mutant  hemoglobin. 

Significance  to  Biomedical  Research:   The  5  chain  of  HbF  may  have  arisen 
by  gene  duplication  from  the  3  chain  of  HbA.   No  differences  which  might  account 
for  the  selective  advantage  of  HbF  over  HbA  have  been  found.   Studies  of  the 
conformation  and  surface  structural  characteristics  of  HbF  may  shed  light  on 
these  differences.   This  can  be  approached  by  using  specific  antibodies  to  HbF 
and  through  crystal  structure  studies.   In  addition,  antibodies  specific  to  HbF 
may  be  used  to  quantitate  small  amounts  of  HbF  and,  thus,  replace  less  quanti- 
tative methods  now  in  use.   These  antibodies  should  be  useful  in  prenatal 
diagnosis  of  abnormalities  of  hemoglobin  production  and  sickle  cell  disease,  and 
in  studies  of  the  differentiation  of  erythroid  cells.   Antibodies  to  mutant 
hemoglobins,  obtained  by  those  methods,  may  be  useful  in  monitoring  mutation 
rates  of  mammalian  cells  in  culture. 

Proposed  Course:   Further  experiments  will  be  done  to  determine  the  appro- 
priateness of  these  immunological  methods  for  quantitating  the  hemoglobin  species 
present  in  samples  obtained  for  antenatal  diagnosis  of  sickle  cell  disease  and 
3-thalessemia.   Specific  radioimmunoassays  for  HbF,  HbA  and  HbS  will  be  used  for 
this  purpose.   The  radioimmunoassay  for  HbF  will  be  used  to  quantitate  HbF  in 
mixtures  of  hemoglobins  both  in  whole  blood  and  in  individual  red  cells. 

We  will  also  use  the  assay  in  immunochemical  studies  of  the  nature  of  the 
HbF  molecule  as  an  antigen.   To  this  end  other  peptides  representing  specific 
sequences  exposed  on  the  surface  of  HbF  in  regions  where  there  are  differences 
from  HbA  will  be  synthesized.   In  addition,  the  techniques  developed  in  this 
laboratory  will  be  used  to  isolate  antibodies  specific  for  hemoglobin  chain 
elongation  mutants  which  contain  new  and  unique  antigenic  determinants .   The 
collection  and  analysis  of  diffraction  data  on  the  crystals  of  HbF  will  continue. 
The  space  group  will  be  determined  with  a  precession  camera,  and  if  these  studies 
are  successful  we  may  pursue  the  X-ray  analysis  to  high  resolution. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  have  studied  single  stranded  (ss)  RNA  binding  immunoglobulins  in  the  sera  of 
patients  with  systemic  lupus  erythematosus  as  part  of  a  project  to  obtain  anti- 
bodies with  conformational  specificity  for  nucleic  acids.   The  antibody  population 
that  bound  polyribonucleotides  and  the  population  that  bound  polydeoxyribonucleo- 
tides  appear  to  be  distinct.   The  anti  ss-RNA  antibodies  preferentially  bound 
native  ssRNA  (as  compared  with  synthetic  polyribonucleotides)  with  an  increasing^" 
affinity  for  the  higher  molecular  weight  RNA's.   We  have  also  developed  an  assayj 
for  detection  of  specific  RNA  antibodies,  produced  in  vitro  by  spleen  cells  fromj 
old  female  NZB/NZW  Fl  mice.   This  assay  enables  one  to  test  the  effect  of  differ|ent 
therapeutic  agents  at  the  immediate  site  of  antibody  synthesis. 

In  related  studies  of  nucleic  acid  purification,  we  have  shown  that  gel 
bound  ethidium  bromide ,  a  nucleic  acid  intercalating  agent,  can  interact  with 
transfer  ribonucleic  acid  and  this  interaction  can  be  used  as  a  basis  for  colum: 
chromatographic  fractionation. 
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Project  Description: 


Objectives :   Antibodies  to  native  nucleic  acids  are  difficult  to  elicit 
in  experimental  animals,  but  can  be  found  with  great  frequency  in  the  sera  of 
patients  with  systemic  lupus  erythematosus  (SLE)  and  NZB/NZW  Fl  mice  that 
develop  an  autoimmune  disease  resembling  human  SLE.   The  exact  chemical 
specificities  of  these  nucleic  acid  reactive  antibodies  and  their  relation  to 
the  autoimmune  disease  are  not  yet  fully  understood.   We  have  previously 
studied  the  properties  of  tRNA  antibodies  in  NZB/NZW  mice  sera,  as  part  of  a 
project  to  obtain  antibodies  with  conformational  specificity  for  nucleic  acids. 
This  work  has  now  been  extended  to  RNA  reactive  antibodies  in  sera  of  SLE 
patients  and  to  the  production  of  RNA  autoantibodies  by  mouse  spleen  cells 
cultured  in  vitro. 

Many  planar  polycyclic  aromatic  compounds,  including  those  of  the  phena- 
nthrilic  class  such  as  the  ethidium  cation,  have  been  demonstrated  to  interca- 
late (i.e.  insert)  between  adjacent  base  pairs  in  nucleic  acid  double  helices. 
Recent  solution  results  indicate  that  the  ethidium  cation  can  discriminate 
various  intercalation  sites  that  are  formed  by  different  combinations  of  base 
pairs  in  such  helices.   This  sequence  specific  recognition  of  double  helical 
polynucleotides  is  thus  a  potentially  useful  physical  basis  for  the  fractiona- 
tion of  these  molecules.   Therefore,  we  have  begun  an  investigation  of  the 
potential  use  of  the  ethidium  cation  covalently  linked  to  agarose  to  fraction- 
ate nucleic  acids. 

125 

Methods  Employed:   Radioactive    I-RNA  was  prepared  by  iodination  of 

MS2  phage  RNA  in  the  presence  of  thallic  perchlorate.   Radioactive  H-tRNA 
was  prepared  by  isolating  tRNA  from  Qg  E.  coli  cells  grown  on  H-uridine 
containing  medium.   The  radioassay  used  for  detection  of  antibodies  utilized 
nitrocellulose  filters  for  isolation  of  RNA- antibody  complexes.   Ribonuclease 
activity  was  removed  from  serum  by  charcoal  treatment  or  by  gel  filtration. 
Mouse  and  human  IgG  immunoglobulins  were  isolated  by  ammonium  sulfate  precipi- 
tation, DEAE-cellulose  chromatography  and  by  gel  filtration.   Human  sera  were 
obtained  from  the  tissue  bank  of  the  Arthritis  and  Rheumatism  Branch  of  the 
NIAMDD.   NZB  and  NZW  mice  were  obtained  from  colonies  maintained  at  the  NIH. 
Active  lymphocytes  were  obtained  from  spleens  of  8  month  old  female  NZB/NZW 
Fl  mice  or  normal  mice  and  cultured  for  short  periods  (24-48  hrs)  in  a  CO  - 
incubator.   The  culture  supernatants  were  then  collected  and  processed  to 
obtain  the  active  IgG  antibodies. 

Cyanogen  bromide  activated  agarose  was  reacted  with  3, S'-diaminodipropyl- 
amine  followed  by  succinic  anhydride  to  produce  a  "spacer  arm"  with  a  terminal 
carboxylic  acid  group.   The  ethidium  cation  was  covalently  linked  to  this 
carboxyl  group  by  utilizing  a  water  soluble  carbodiimide  mediated  coupling. 
A  column  that  was  packed  with  this  material  has  been  used  to  bind  a  crude 
mixture  of  E^.  coli  transfer  ribonucleic  acid  (tRNA)  species.   The  ethidium 
column  was  eluted  with  a  linear  sodium  chloride  gradient  at  room  temperature. 
The  fractions  were  assayed  by  a  radioactive  tRNA  aminoacyl  charging  technique. 
The  complex  of  tRNA  with  the  ethidium  gel  was  also  measured  by  both  direct 
spectrophotometric  and  fluorescence  measurements  of  the  gel.   Equilibrium  par- 
tition measurements  were  made  on  a  tRNA  solution  in  the  presence  of  the 
ethidium  gel. 
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Major  Findings; 

1)  Antibodies  that  bound  single  stranded  (ss)  RNA  occurred  with  high 
frequency  in  sera  of  patients  with  SLE  but  not  in  sera  of  patients  with  other 
connective  tissue  diseases  that  were  tested.   The  antibody  population  that 
bound  polyribonucleotides  and  the  population  that  bound  polydeoxyribonucleo- 
tides  appeared  to  be  distinct. 

Competition  experiments  showed  that  the  anti-ssRNA  antibodies  prefer- 
entially bound  native  ssRNAs  (as  compared  with  synthetic  single  and  double 
stranded  polyribonucleotides)  with  an  increasing  affinity  for  the  higher 
molecular  weight  ssRNAs.   No  indication  of  conformational  specificity  of  the 
antibodies  was  found.   The  anti-tRNA  population  was  of  restricted  heterogeneity 
Sips  index  0.83)  and  bound  tRNA  with  an  average  Ko  of  9x10  1/mole  at  4°. 
The  anti-MS2  RNA  population  was  much  more  heterogeneous  (Sips  index  0.67)  and 
bound  MS  2  RNA  with  Ko  of  about  3x10  1/mole  at  4°. 

2)  An  assay  was  developed,  to  detect  minute  amounts  of  specific  auto- 
antibodies, produced  in  vitro  by  spleen  lymphocytes  from  old  female  NZB/NZW 

Fl  mice.   The  assay  utilizes  highly  radioactive    I-RNA  and  IgG  obtained  from 
culture  supernatants,  and  purified  by  DEAE  cellulose  chromatography.   No  anti- 
bodies with  RNA  specificity  were  produced  by  spleen  cells  from  various  normal 
mice  (Balb/c,  DBA/2)  or  by  young  female  NZB/NZW  Fl  mice.   Treatment  with  RNA 
and  protein  synthesis  inhibitors  showed  that  the  specific  RNA  antibodies  from 
old  NZB/NZW  spleen  cells  are  synthesized  de  novo  during  incubation  in  vitro 
and  do  not  result  from  spillover  of  serum  antibodies. 

3)  E.    coli  methionine  and  phenylalanine  tRNAs  are  clearly  separated  from 
each  other  by  sodium  chloride  linear  gradient  elution  on  Sepharose-ethidium 
columns.   The  sodium  chloride  sensitivity  of  the  ethidium-nucleic  acid  com- 
plexes in  the  early  eluting  methionine  tRNA  and  the  latter  eluting  phenylala- 
nine tRNA  fractions  were  compared  in  solution  after  removal  of  the  elution 
salt  by  dialysis.   The  ethidium  complex  of  the  earlier  eluting  fraction  was 
dissociated  by  a  lower  concentration  of  sodium  chloride  than  the  latter  eluting 
fraction  which  is  thus  consistent  with  the  behavior  of  these  fractions  on  the 
column.   The  fractionation  was  demonstrated  to  be  a  result  of  the  bound 
ethidium  interacting  with  the  nucleic  acid  since  a  control  column,  identical 

to  the  ethidium  column  except  that  the  ethidium  group  at  the  end  of  the  ' spacer 
arm'  was  replaced  by  an  ethylamine  group,  did  not  retard  the  tRNAs  at  salt 
concentrations  well  below  those  necessary  to  elute  the  ethidium  column.   The 
basis  for  fractionation  was  shown  to  involve  intercalation  of  the  covalently 
bound  phenanthriline  ring  into  the  nucleic  acid  double  helical  structure  since 
the  ethidium  fluorescence  was  enhanced  upon  binding  tRNA,  a  physical  parameter 
previously  determined  to  be  indicative  of  the  intercalation  complex. 

Significance  to  Biomedical  Research:   This  project  may  lead  to  new 
information  on  the  origin,  development  and  genetics  of  certain  autoimmune 
diseases,  particularly  systemic  lupus  erythematosus.   It  is  generally  accepted 
that  only  a  small  portion  of  the  circulating  nucleic  acid-reactive  antibodies 
in  SLE  patients  are  found  as  precipitates  in  the  kidney  glomeruli.   It  will 
be  of  great  interest  to  explore  the  exact  chemical  specificities  of  the  circu- 
lating and  deposited  antibodies.   The  new  in  vitro  assay  for  production  of 
specific  autoantibodies  in  mice  will  enable  one  to  test  the  effect  of  different 
therapeutic  agents  directly  at  the  site  of  antibody  synthesis. 
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The  principle  of  intercalation  chromatography  may  be  useful  for  the 
fractionation  of  nucleic  acids.   Furthermore,  since  many  intercalating  com- 
pounds, including  salts  of  the  ethidium  cation,  are  used  as  drugs  and  are 
thought  to  mediate  their  effect  through  interaction  with  nucleic  acids  by 
intercalation  the  elucidation  of  the  specificity  of  this  interaction  is 
necessary  to  the  understanding  of  the  detailed  mechanism  of  action  of  these 
compounds.   Also,  since  it  has  been  proposed  that  surface  aromatic  amino  acids 
on  proteins  that  interact  with  nucleic  acids  may  participate  in  intercalation 
complexes  with  the  nucleic  acid  double  helices,  the  investigation  of  the  dis- 
criminatory potentials  of  the  intercalation  process  could  have  relevance  to 
the  more  general  area  of  specific  protein-nucleic  acid  recognition  which  is 
of  crucial  importance  for  normal  cell  function  in  the  defense  of  cells  against 
foreign  genetic  material. 

Proposed  Course  of  Project:   This  project  has  been  discontinued  for  the 
present. 

Publications: 
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SUMMARY  OF  WORK  (200  «iords  or  less  -  underline  keywords) 

Human  serum  enzyme  assays  for  clinical  diagnosis  usually  make  use 
of   measurements  of  catalytic  activity.   In  many  situations,  this  may  not 
De  ideal;  e.g.  isoenzymes  reflecting  different  damaged  tissues  may  be 
indistinguishable  or  inactive  enzymes  may  be  released.   Radioimmunoassay 
Dffers  a  very  sensitive  and  specific  way  in  which  to  measure  enzyme 
concentration  and  to  distinguish  isoenzymes.   Creatine  kinase  was  chosen 
as  a  model  for  this  approach  because  of  its  clinical  importance  and  its 
simple  isoenzyme  distribution.   The  enzymes  from  human  skeletal  muscle 
(MM)  and  brain  (BB)  have  been^Rurif ied,  used  as  immunogens  to  raise 
antibodies ,  and  labeled  with    I.   Radioimmunoassays  for  each  of  these 
=nzymes  were  developed  and  were  found  to  correlate  well  with  standard 
enzyme  assays  in  clinical  use.   An  attempt  is  now  being  made  to  develop 
a  specific  assay  for  the  hybrid  MB  species. 
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Objectives :   There  are  theoretical  reasons  for  believing  that  direct 
measurement  of  enzyme  molecule  concentrations  in  human  serum  may  have  signifi-  ^ 
cant  advantages  over  measurements  of  enzyme  activity  for  diagnostic  studies.    ■ 
Enzyme  assays  are  insensitive  to  fragments  of  molecules  or  other  inactive  spe- 
cies and  do  not  distinguish  among  isoenzymes  that  may  come  from  different  tis- 
sues.  Radioimmunoassay  has  the  potential  of  great  sensitivity  and  specificity, 
including,  frequently,  the  ability  to  discriminate  among  isoenzymes.   Further, 
the  immunological  characteristics  of  a  protein  may  be  detectable  in  incomplete 
or  inactive  molecules. 

In  order  to  begin  a  study  of  the  clinical  potential  of  radioimmunoassay 
of  human  serum  enzymes,  we  have  purified  creatine  kinase  and  developed  a  radio- 
immunoassay.  This  radioimmunoassay  is  now  being  applied  in  several  clinical 
applications. 

Methods  Employed :   Human  brain  and  skeletal  muscle  were  homogenized,  ex- 
tracted, and  the  creatine  kinase  isoenzymes  were  purified  by  ethanol  and  ammon- 
ium sulphate  precipitation,  anion  exchange  chromatography,  and  gel  filtration. 
The  purified  muscle  (MM)  and  brain  (BB)  enzymes  were  characterized  by  disc  gel 
electrophoresis  and  amino  acid  analysis. 

Sheep  and  rabbits  were  immunized  by  repeated  injection  of  these  purified 
enzymes  in  Freund's  adjuvant.   Antibody  production  was  followed  by  Ouchterloy, 
quantitative  precipitation  and  immunoinhibition_assays.  M 

The  MM  and  BB  enzymes  were  labeled  with    I  by  the  Bolton-Hunter  acyla-   " 
tion  reagent  and  purified  by  gel  filtration.   A  double  antibody  radioimmuno- 
assay was  developed  for  the  primary  antibodies  with  burro-anti-sheep  and  sheep- 
anti-rabbit  gamma  globulin. 

Major  Findings:   The  enzyme  purification  steps  yielded  about  10  mg  of 
essentially  pure  muscle  creatine  kinase  and  about  40  mg  of  essentially  pure 
brain  creatine  kinase.   The  enz3mies  behaved  as  single  bands  on  disc  gel  elec- 
trophoresis and  the  amino  acid  composition  was  similar  to  that  previously  re- 
ported for  these  enzymes.   The  molecular  mass  of  each  was  about  80,000  daltons 
as  determined  by  SDS-poly-acrylamide  electrophoresis.   Antibodies  to  each  were 
obtained  in  good  titer.     I  labeling  of  each  enzyme  was  accomplished  with 
the  Bolton-Hunter  reagent  and  a  double-antibody  radioimmunoassay  was  developed. 

The  MM  immunoassay  showed  no  cross-reactivity  with  BB  enzyme  and  only  15% 
cross-reactivity  with  the  MB  hybrid.   In  50  healthy  people  enzyme  activity  has 
a  0.94  correlation  coefficient  with  the  radioimmunoassay  deterraination,  with 
normal  values  of  33  to  528  ng  per  ml  of  serum. 

The  BB  immunoassay  showed  no  cross-reactivity  for  MM  enzyme  and  5-15% 
cross-reactivity  with  MB.   Minimal  detectable  amounts  were  1.2  ng/ml  of  serum   M^ 
(in  100  ml).   This  allowed  the  measurement  of  BB  in  healthy  people  and  patients  " 
since  normal  levels  appear  to  be  2  to  11  ng/ml. 

Significance  to  Biomedical  Research:   Measurement  of  creatine  kinase  serum 
enzyme  molecules  rather  than  catalytic  activity  should  provide  more  useful 
clinical  information  about  tissue  damage  in  a  variety  of  contexts.   The  radio- 
immunoassay's sensitivity  and  ability  to  distinguish  among  creatine  kinase 
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isoenzymes  should  offer  new  diagnostic  potentials.   These  methods  should  be 
applicable  to  other  human  enzymes  now  routinely  measured. 

Proposed  Course  of  Project:   These  radioimmunoassays  will  continue  to  be 
used  in  parallel  to  standard  enzyme  assays  in  the  Clinical  Pathology  Depart- 
ment to  assess  the  utility  of  this  new  method.   The  radioimmunoassay  will  be 
applied  in  other  clinical  situations,  such  as  tissue  culture  means  of  detect- 
ing muscular  dystrophy  heterozygotes.   Further  effort  to  obtain  an  assay  spe- 
cific for  the  hybrid  MB  enzyme  will  be  continued.   Development  of  radioimmuno- 
assays for  other  clinically  significant  isoenzyme  systems,  such  as  aspartate 
amino  transferase,  will  be  initiated. 

Publications : 

Van  Steirteghem,  A.C.,  Zweig,  N.M. ,  and  Schechter,  A.N. :   Radioimmunoassay 
of  Creatine  Kinase  Isoenzymes  in  Human  Serum:   Isoenzyme  MM.   Clinical 
Chemistry  24,  414-421,  1978. 

Zweig,  M.H. ,  van  Steirteghem,  A.C.  and  Schechter,  A.N. :   Radioimmunoassay  of 
Creatine  Kinase  Isoenzymes  in  Hioman  Serum:   Isoenzyme  BE.   Clinical  Chem- 
istry 24,  422-428,  1978. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Gelation  of  deoxyhemoglobin  S  within  an  SS  erythrocyte  is  believed  to  result 
in  the  cell  deformity  and  membrane  rigidity  characteristic  of  a  sickled  SS^  ery- 
throcyte.  To  assess  the  antisickling  potential  of  various  agents  which  might 


be  competitive  inhibitors  of  deoxyhemoglobin  S  aggregation,  we  used  a  kinetic- 
olubility  assay  for  hemoglobin  S.   We  found  that  aromatic  amino  acids, 
henylatanine-like  compounds  and  some  phenylalanine  containing  di-  and  tri- 
eptides  significantly  inhibit  gelation  of  deoxyhemoglobin  S.   Surprisingly, 
eptides  from  the  3  sequence  enhanced  gelation. 

C  NMR  was  used  to  develop  another  gelation  assay  which  would  also  be  useful 
or  whole  cells.   Using  new  decoupling  procedures  to  quantitate  the  mass  fraction 
f  freely  rotating  and  immobilized  hemoglobin  molecules,  the   C  NMR  measurements 
indicate  a  smaller  percent  of  polymerized  hemoglobin  S  than  predicted  by  the 
Kinetic-solubility  assay.   The  reasons  for  this  descrepancy  are  under  study. 
Both  assays  are  valuable  tools  for  studying  hemoglobin  interactions  in  solution 
and  in  situ  and  for  searching  for  a  therapeutic  antisickling  agent. 


€ 


412 


PHS-6040 
(Rev.  10-76) 


ZOl  AM  25,021-03  LCB 

Ob.jectives :   In  searching  for  a  therapeutic  agent  for  sickle  cell  anemia 
we  are  looking  for  an  additive  which  will  retard  gelation  of  deoxyhemoglobin  S 
sufficiently  to  enable  the  SS  erythrocyte  to  travel  from  the  arterial  circulation 
to  the  venous  circulation  and  back  to  the  lungs  to  become  reoxygenated.   That 
is,  the  agent  should  prevent  sickling  of  the  SS  reythrocyte  while  in  the  capi- 
laries  which  otherwise  would  ultiraatly  precipitate  a  sickle  crisis.   In  addition, 
studies  of  the  interactions  between  hemoglobin  molecules  and  with  small 
molecules  including  amino  acids  and  small  peptides  will  yield  information  about 
gel  formation  and  may  give  additional  insights  as  to  what  types  of  interactions 
may  be  important  in  other  hemoglobinopathies. 

The  kinetic-solubility  assay  for  deoxyhemoglobin  S  solutions  is  a  reliable 
one  for  screening  many  potential  antisickling  agents.   It's  precision  and  repro- 
ducability  facilitates  comparison  between  various  sets  of  data,  a  necessary 
criterion  for  any  large  scale  study.   However,  no  comperable  assay  is  available 
for  monitoring  gelation  kinetics  or  amount  of  polymer  formed  in  the  SS  erythrocyte. 

Natural  abundance   C  NMR  used  to  study  other  polymer  biological  systems 
such  as  collagen  using  cross-polarization  (proton  enhanced  dipolar  decoupling) 
is  useful  in  monitoring  mobile  and  immobile  hemoglobin  molecules.   Using  this 
technique  solutions  of  deoxyhemoglobin  S  can  be  examined  quantitatively  to 
determine  the  fraction  of  polymerized  material.   Since  the  sample  is  not  per- 
turbed as  in  ultracentrifugation,  these  quantitative  measurements  can  also  be 
made  on  intact  cells.   Eventually,  one  can  also  use  NMR  to  monitor  kinetics  of 
gelation  which  would  enable  one  to  study  the  kinetics  of  in  situ  gelation, 
i.e.,  cell^sickling. 

The   C  NMR  assay  is  complimentary  to  the  kinetic-solubility  assay  for 
deoxyhemoglobin  S  in  that  the  effects  of  gelation  inhibitors  can  now  be  assessed 
on  a  cellular  level. 

Methods  Employed :   Large  amounts  of  hemoglobin  S  have  been  prepared  by  ion 
exchange  chromatography  from  units  of  SS,  SC  and  SA  blood.   The  method  of  optically 
monitoring  turbidity  and  ultracentrifugation  developed  by  Hofrichter,  Ross 
and  Eaton  has  been  adopted.   In  this  assay,  concentrated  hemoglobin  S  (close 
to  the  concentration  found  in  red  blood  cells)  is  deoxygenated  with  sodium 
dithionite  in  a  tube  sealed  under  nitrogen.   The  kinetics  of  gelation  are 
monitored  by  observing  turbidity  changes  at  800  nm  at  30  C  -  a  delay  period 
in  gelation  is  observed  and  measured.   The  sample  is  them  spun  at  30  C  in  an 
thermally  controlled  ultracentrifuge  at  high  speed  which  collapses  the  gel  into 
a  pellet  leaving  a  solution  saturated  with  tetrameric  hemoglobin.   The  hemoglobin 
saturation  at  that  temperature  is  obtained  from  measurements  on  a  Gary  17  of  the 
supernatant  concentration. 

Fragments  of  the  amino  terminal  end  of  beta  S  hemoglobin  and  several  other 
sites  of  the  beta  hemoglobin  chain  believed  to  participate  in  gel  formation 
as  suggested  by  recent  X-ray  crystallography  data  have  been  previously  synthe- 
sized by  a  modification  of  the  Merrifield  method. 

For  C  NMR,  samples  are  prepared  in  8  mm  NMR  tubes,  deoxygenated  with 
sodium  dithionite  (buffer  without  sodium  dithionite  is  used  in  the  control 
sample)  and  sealed  with  a  5  mm  tube  cap  via  a  ground  glass  joint.  The  5  mm 
tube  allows  spectraphotometric  determination  of  the  extent^qf  deoxygenation 
after  the  NMR  spectra  are  accumulated.  Natural  abundance  C  NMR  with  scalar 
decoupling,  dipolar  decoupling  and  cross  polarization  yields  a  direct  measure 
of  the  fraction  of  immobolized  hemoglobin  in  each  sample.   The  technique  is 
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independent  of  spectral  assignments  and  can  be  used  on  hemoglobin  S  lysate, 
chromatographed  hemoglobin  S  and  on  whole  cells . 

Major  Results:   Of  the  amino  acids,  only  the  aromatics  (phenylalanine, 
tryptophane  and  possibly  tyrosine)  significantly  inhibit  gelation  of  deoxy- 
hemoglobin  S.   Although  aramaticity  is  not  a  sufficient  condition,  other 
phenylalanine-like  compounds  also  inhibited  gelation.   Di-  and  tri-peptides 
containing  phenylalanine  (L-Thr-L-Phe  and  L-Lys-L-Phe-L-Phe)  also  inhibited 
gelation;  however,  they  were  no  more  effective  than  phenylalanine  alone. 
Surprisingly,  oligo-peptides  from  the  3^  region  O^  1-12,  3^3-13,  3^4-8,  and 
3  4-10)  enhanced  rather  than  inhibited  gelation.   The  enhancement  of  gelation 
by  the  3  oligo-peptides  may  be  due  to  their  interactions  with  free  water.   In 
general,  the  data  does  illustrate  the  importance  of  aromatic  amino  acids  and 
similar  compounds  as  a  class  of  potential  antisickling  agents . 

C  NMR  has  been  used  to  examine  gelled  samples  of  deoxyhemoglobin  S  between 
23.8  gm/dl  and  31.8  gm/dl  at  30  C.   The  percent  of  polymerized  hemoglobin  S 
(or  immobolized  molecules  as  monitored  by  NMR)  increases  with  increasing  concen- 
tration from  30%-5%  at  23.8  gm/dl  to  52%-5%  at  31.8  gm/dl.   These  values  are 
considerably  lower  than  those  predicted  by  the  kinetic-solubility  assay.   (Using 
the  solubility  of  each  sample  determined  using  ultracentrifugation  at  30  C  and 
a  polymer  concentration  of  65  gm/dl.)   These  results  may  reflect  differences 
between  a  direct  measurement  such  as   C  NMR  and  an  indirect  one  such  as  ultra- 
centrifugation separating  the  gel  into  a  sol-phase  and  a  pellet.   The  assumption 
that  the  pellet  consists  only  of  polymer  and  free  hemoglobin  at  the  same  concen- 
tration as  the  sol-phase  may  not  be  valid.   The  question  as  to  whether  or  not   ^ 
gelation  of  deoxyhemoglobin  S  can  be  represented  by  a  simple  two  phase  system   ■ 
remains  unanswered. 

In  spite  of  the  differences  between  the  two  methods,  both  are  useful  in 
studying  and  quantitating  gelation  of  deoxyhmeoglobin  S  and  indeed  the  differences 
may  lead  to  better  understanding  of  certain  aspects  of  the  process. 

Significance  to  Biomedical  Research:   Peptide-protein  interactions  can  be 
used  as  a  probe  to  study  the  surface  structure  of  normal  and  mutant  hemoglobins. 
Of  particular  interest  is  hemoglobin  S  which  aggregates  to  form  a  viscous 
gel  under  deoxygenated  conditions.   Increasing  the  delay  time  of  gelation  and 
the  solubility  of  hemoglobin  S  are  the  minimal  criteria  for  a  suitable  drug  in 
sickle  cell  anemia  therapy.   We  found  that  in  addition  to  aromatic  amino  acids 
and  phenylalanine-like  compounds,  a  di-  and  tripeptide  containing  phenylalanine 
also  inhibited  gelation,  adding  significance  to  this  class  of  compounds  as  poten- 
tial antisickling  agents.   In  fact,  these  compounds  are  at  least  twice  as  effec- 
tive on  a  molar  basis  than  Urea  in  increasing  deoxyhemoglobin  S  solubility. 
(Urea  is  an  agent  already  being  used  in  clinical  trials  for  sickle  cell  anemia.) 
The  enhancement  of  gelation  by  the  3  peptides  indicate  that  the  interactions 
of  additives  with  water  and  solvent  can  also  compete  with  the  hemoglobin  inter- 
actions to  alter  the  gelation,  and  both  solvent  and  additive  effects  must  be 
examined  more  closely. 

To  date  the  cellular  assays  which  follow  gelation  intracellularly  are 
either  morphological  studies  of  SS  erythrocyte  preparations,  cellular  oxygen 
affinities,  or  cellular  fragility  and  filterability .    C  NMR  presents  a  distinct 
advantage  over  these  methods  in  that  the  amount  of  poljnnerized  hemoglobin  can 
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be  observed  directly.   It  is  a  valuable  tool  as  an  intracellular  probe  both  for 
equilibrium  measurements  and  for  kinetic  studies. 

Proposed  course:  The  search  for  antisickling  agents  will  continue  considering 
aromatic  amino  acid-like  compound  and  other  additives.  Interactions  between 
hemoglobin  and  peptides  will  be  examined  more  closely.  Specifically,  X-ray 
crystallography  will  be  used  to  determine  the  binding  site  of  phenylalanine 
and  other  small  peptides.  Radioactively  labeled  phenylalanine  will  be  used 
to  determine  how  much  phenylalanine  is  incorporated  into  the  polymer  and  to 
determine  the  binding  costant  between  phenylalanine  and  hemoglobin  S. 

C  NMR  will  be  used  to  probe  solutions  of  deoxyhemoglobin  S  and   CO- 
hemoglobin  S,  to  determine  the  participation  of  CO-hemoglobin  S  in  gelation 

P  N>IR  will  be  used  to  Study  DPG  binding  to  hemoglobin  S  and  its  partici- 
pation in  the  gel.   The   C  NMR  project  will  continue  to  search  for  optimum 
conditions  to  quantitate  intracellular  gelation,  specifically  minimizing  varibles 
such  as  changes  in  pH,  cation  and  anion  flux,  DPG  concentration,  and  calcivim 
concentration.   Refinements  of  these  techniques  will  be  necessary  in  order  to 
study  the  kinetics  of  sickling.    C  N>IR  and  kinetic-solubility  assay  for  deoxy- 
hemoglobin S  remain  useful  tools  in  assessing  the  antisickling  potential  of 
a  number  additives.   The  kinetic-solubility  is  important  for  wide  screening  and 
study  of  hemoglobin  S  aggregation  inhibitors.    C  NMR  offers  an  alternative 
method  for  also  studying  gleation  and  permits  the  study  of  SS  erythrocytes  and 
gelation  in  situ. 

Publications:   Schechter,  A.N.  and  Noguchi,  C.T.  and  Schwartz,  W.A. : 
Amino  Acids  and  Peptides  as  Inhibitors  of  Sickle  Hemoglobin  Gelation.   Caughey, 
(Ed.) :   Biochemical  and  Clinical  Aspects  of  Hemoglobin  Abnormalities .   Academic 
Press,  Inc.,  pp.  129-142,  1978. 
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d  to  a  foreign  cell  depends  in  part  on 
the  interaction  between  a  form  of  the  complement  protein  C3  and  cell  surface 
receptors  for  this  protein.   Our  interests  in  these  processes  have  been  two-fold; 


1)  to  measure  the  kinetic  and  equilibrium  parameters  of  interaction  between  C3 
and  its  several  activation  fragments  with  their  receptors  on  human  cells  and  2) 
to  identify  the  chemical  mechanism  by  which  C3  attaches  to  a  target  cell  membraneij 
The  activation  fragments  C3b,  C3c,  and  C3d  have  been  purified  from  limit  proteo- 
lytic digests  of  human  C3.   C3  and  C3b  have  been  radiolabeled  and  specific  bindin] 
to  human  erythrocytes  and  B  lymphocytes  measured  by  direct  methods.   The  binding 
of  either  ligand  was  a  saturable  reaction  with  an  apparent  association  constant 
of  1x10  M   .   Specific  antibodies  have  been  prepared  to  each  of  these  fragments 
and  have  been  used  to  develop  sensitive  radioimmunoassays .   We  are  presently 
investigating  the  possibility  that  a  covalent  bond  between  C3b  and  the  membrane 
may  be  formed  as  a  result  of  transesterif ication.   We  have  detected  a  single 
sulfhydryl  group  upon  either  enzymatic  conversion  of  C3  to  C3b  or  treatment  of 
C3  tjith  hydroxylamine  or  hydrazine.   It  is  our  hypothesis  that  this  sulfhydryl 
group  is  important  to  the  activation  of  an  acyl  group  within  the  C3  protein. 
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Project  Description: 

Introduction:   Surface  receptors  specific  for  activation  fragments  of  C3 
have  been  detected  on  blood  and  tissue  cells  of  many  vertebrate  species  by  a 
rosette  assay.   Two  distinct  receptors  have  been  identified  and  shown  to  bind 
to  topographically  distinct  regions  of  the  C3  molecule:   these  include  1)  the 
C3b  receptor  (CRl)  present  on  the  polymorphonuclear  leukocyte,  macrophage,  B 
lymphocyte,  and  primate  erythrocyte  and  2)  the  C3d  receptor  (CR2)  present  on 
the  macrophage  and  B  lymphocyte.   The  primary  function  of  CRl  and  CR2  on  immune 
surveillance  cells  is  to  facilitate  contact  with  particles  targeted  for  inter- 
nalization.  Recent  studies  of  immune  response  pathways  have  shown  an  obliga- 
tory C3  requirement  for  complement  receptor  positive  B  lymphocytes  to  respond 
in  vivo  and  i^  vitro  to  T  cell  dependent  antigens  suggesting  that  CRl  and  CR2 
may  be  required  for  T  cell-B  cell  cooperative  responses,  perhaps  at  the  macro- 
phage level.   Therefore,  in  addition  to  their  specific  involvement  in  immune 
clearance  pathways  these  receptors  may  well  be  required  for  specific  mechanisms 
serving  to  modulate  B  lymphocyte  activities. 

C3  deposited  on  target  cell  membrane  surfaces  as  a  consequence  of  alter- 
native or  classical  pathway  complement  activation  remains  associated  with  sur- 
face components  on  exposure  to  high  salt,  extremes  of  pH  and  temperature,  and 
general  protein  denaturants.   This  binding  has  therefore  been  considered  irre- 
versible and  probably  covalent  in  nature.   Recent  studies  have  shown  that 
nucleophilic  reagents  such  as  hydroxylamine  and  ammonia  effect  the  dissociation 
of  C3b  from  membrane  surfaces  and  has  prompted  the  speculation  that  attachment 
of  C3b  involves  the  formation  of  an  ester  bond. 

Objectives:   We  are  presently  studying  in  a  quantitative  manner  the  binding 
of  C3  and  its  activation  fragments  to  their  respective  receptors  on  human 
leukocytes  and  primate  erythrocytes.   These  studies  have  involved  1)  the  genera- 
tion and  subsequent  purification  of  C3b,  C3c,  and  C3d  from  limit  proteolytic 
digests  of  the  precursor  protein,  2)  the  development  of  a  direct  binding  assay 
for  measuring  the  kinetic  and  equilibrium  parameters  of  the  binding  of  these 
fragments  to  cells,  3)  the  inhibition  of  C3,  C3b,  C3c,  and  C3d  binding  by  com- 
petition with  native  or  synthetic  peptides  derived  from  their  respective  struc- 
tures and  4)  the  isolation  of  antibodies  to  defined  regions  of  the  C3  molecule 
to  be  used  as  probes  for  the  localization  of  receptor  binding  sites  in  C3b  by 
specific  antibody  inhibition  experiments.   In  addition,  the  antibodies  will  be 
used  for  studies  of  the  distribution  of  fragments  on  cell  surfaces  with  fluor- 
escein and  ferritin  labels,  and  for  developing  radioimmunoassays  for  each  of 
the  major  activation  peptides.   We  are  also  attempting  to  identify  the  principal 
amino  acid  residues  important  to  our  hypothesis  conerning  "acyl  group  activation 
and  transfer"  as  a  specific  mechanism  for  attachment  of  C3b  to  membrane  surfaces. 

Results :   The  activation  fragments  C3a  (9,200  daltons) ,  C3b  (179,000 
daltons),  C3c  (147,000  daltons)  and  C3d  (32,000  daltons)  have  been  prepared  by 
sequential  digestion  of  the  native  protein  with  bovine  pancreatic  trypsin  and 
porcine  pancreatic  elastase.   These  enzymes  were  chosen  on  the  basis  of  pre- 
liminary analytical  gel  experiments  which  indicated  that  the  resultant  activa- 
tion products  were  indeed  similar  in  their  molecular  weights  and  immunoelectro- 
phoretic  mobilities  to  the  "physiological"  C3  fragments  which  have  been  iso- 
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lated,  albeit  in  poor  yield,  from  activated  sera.   The  digestion  of  C3  (10 
mgm/ml,  pH  7.4)  with  trypsin  at  a  substrate: enzyme  molar  ratio  of  130:1  for  1 
min.  at  37  C  effects  a  specific  and  quantitative  cleavage  to  C3a  and  C3b.   In- 
activation  of  trypsin  with  soybean  trypsin  inhibitor  and  gel  filtration  of  the 
digest  on  a  Sephacryl  S-200  column  at  pH  5.6  completes  the  isolation  of  these 
two  activation  products.   Digestion  of  C3b  (10  mgm/ml,  pH  8.2)  with  elastase  at 
a  molar  ratio  of  13.3:1  for  240  min.  at  37  C  results  in  the  total  conversion  of 
C3b  to  C3c  and  C3d.   Once  elastase  has  been  irreversibly  inactivated  with 
phenylmethylsulfonyl  fluoride,  C3c  and  C3d  are  resolved  on  the  S-200  column  at 
pH  5.6.  ^25 

C3  and  C3b  have  been  radiolabeled  with  Na   I  to  a  specific  activity  of 
0.5-1.0  X  10  cpm/pg  and  the  interaction  with  erythrocytes  and  lymphocytes 
measured  using  a  direct  binding  assay.   Equilibrium  saturation,  time  course, 
and  competition  experiments  have  served  to  indicate  the  specific  nature  of 
these  interactions.   Equilibrium  binding  studies  have  been  performed  at  24  C 
in  isotonic  Tris :HC1  buffer  (pH  7.4)  in  the  presence  of  bovine  serum  albumin 
at  10  mgm/ml.   Preliminary  kinetic  experiments  indicated  that  equilibrium  con- 
ditions were  attained  at  1  hr.  and  that  there  was  no  significant  change  in  the 
amount  of  bound  ligand/cell  up  to  3  hr.  of  incubation.   The  separation  of  bound 
and  free  ligand  was  obtained  by  layering  the  cell  suspension  on  a  column  of 
synthetic  oil  (p  =  1.033  gm/cc)  and  pelleting  the  cells  by  spinning  in  a 
rapidly  accelerating  centrifuge.   The  nonspecific  cell  associated  component 
was  evaluated  using  as  a  control  cells  to  which  a  40-fold  molar  excess  of 
unlabeled  ligand  was  added.   Initial  studies  have  indicated  that  the  binding 
of  C3  and  C3b  to  human  red  blood  cells  is  a  saturable  reaction  between  0.2  and 
8.4  X  10~  M  ligand  with  an  association  constant  (K  )  of  1-2  x  10  M  .   The 
number  of  receptors /cell  was  estimated  to  be  1x10  .   C3b  binding  to  an  estab- 
lished human  lymphoblastoid  cell  line  has  also  been  shown  to  be  saturable  with 
a  K  of  0.7-1.0  X  10  M~  .   The  number  of  receptors/cell  was  estimated  to  be 
1.5^-  2.0  X  10  .   Studies  are  in  progress  to  evaluate  further  the  interaction 
of  C3  and  the  C3b,  C3c,  and  C3d  fragments  with  specific  peripheral  blood  and 
tissue  leukocyte  populations. 

Antibodies  to  C3  and  each  of  the  activation  fragments  have  been  success- 
fully raised  in  both  sheep  and  rabbits.   We  have  developed  a  precise  radio- 
immunoassay for  C3  using  sheep  antisera  and  a  burro-antisheep^antibod^qto 
separate  free  from  bound.   This  assay  is  sensitive  in  the  10    to  10   M 
range.   We  are  now  developing  radioimmunoassays  for  each  of  the  fragments.   In 
addition,  these  fragments  are  being  coupled  to  Sepharose  4B  and  the  resultant 
conjugate  used  as  a  specific  immunoadsorbent  with  which  to  obtain  specific 
antibodies  from  antiserum  made  to  the  native  protein.   The  development  of  radio- 
immunoassays for  C3  and  its  several  fragments  may  have  clinical  application  as 
well  as  importance  in  in  vitro  studies  of  the  complement  pathways. 

We  have  observed  that  the  same  nitrogen  nucleophiles  (i.e.  hydroxy lamine   i 
and  ammonia)  effective  in  dissociating  C3b  from  cell  surfaces  also  abrogate     " 
the  ability  of  C3  to  bind  to  target  cell  surfaces .   Concomitant  with  the  loss 
of  this  binding  ability  the  appearance  of  a  single  sulfhydryl  group  cay^be 
followed  by  titration  with  p-chloromercuribenzoate,  alkylation  with  1-  C- 
iodoacetamide,  and  disulfide  interchange  with  5,5'-dithiobis(2-nitrobenzoic 
acid).   Electrophoresis  of  the  radiolabeled  protein  on  a  SDS rpolyacylamide 
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slab  gel  under  reducing  conditions  has  shown  that  the  sulfhydryl  group  is 
uniquely  associated  with  one  of  the  two  polypeptide  chains  which  comprise  this 
molecule.   Further,  limit  proteolytic  digestion  of  the  labeled  protein  has 
localized  the  sulfhydryl  group  to  the  C3d  fragment.   Acid  hydrolysis  of  the 
radiolabeled  protein  followed  by  high  voltage  paper  electrophoresis  has  con- 
clusively established  the  labeled  amino  acid  to  be  S-carboxymethylcysteine. 
These  sialfhydryl  reagents  have  also  been  used  to  follow  the  appearance  of  this 
cysteine  residue  on  proteolytic  activation  of  C3  to  C3b .   Therefore,  we  suspect 
that  a  cysteine  residue  is  important  to  the  activation  of  an  acyl  group  within 
the  C3  protein,  perhaps  through  formation  of  an  internal  thioester  bond,  and 
its  transfer  to  unknown  nucleophilic  components  on  the  membrane  surface. 
Experiments  are  in  progress  to  identify  the  acyl  group  donor  to  this  putative 
thioester  bond. 

Significance  to  Biomedical  Research:   The  complement  proteins  are  signifi- 
cantly involved  in  host  resistance  to  infection,  in  lymphocyte  function  and  in 
autoimmune  diseases.   The  C3  protein  is  central  in  the  complement  activation 
paths.   Our  studies  of  the  structural  chemistry  of  C3  activation,  the  topography 
and  mechanism  of  non-covalent  binding  of  C3  to  cell  surfaces  and  the  chemistry 
of  the  covalent  binding  of  C3b  to  cell  membranes  are  all  part  of  a  broad  pro- 
gram to  use  the  methods  of  protein  chemistry  to  probe  the  molecular  basis  of 
physiological  and  pathological  processes  involving  this  protein. 

Proposed  Course  of  Study:   Elucidation  of  the  molecular  modes  of  inter- 
action for  membrane  oriented  complement  functions  will  require  (1)  further 
characterization  of  the  structures  of  the  individual  complement  proteins  in- 
volved and  (2)  an  evaluation  of  the  physicochemical  basis  for  their  binding 
properties.   We  intend  to  meet  both  of  these  requirements  in  our  studies.   The 
isolation  of  major  activation  fragments  and  subsequent  chemical  analysis  will 
contribute  to  further  structural  delineation  of  the  C3  molecule.   Once  the 
major  cleavage  fragments  of  C3  with  ligand  activities  have  been  identified 
using  the  direct  binding  assay,  studies  can  be  initiated  to  determine  the 
kinetic  and  equilibrium  parameters  of  the  interaction.   Specific  peptide  and 
antibody  inhibition  experiments  may  establish  subregions  of  these  molecules 
identified  using  these  techniques,  they  may  have  specific  application  as  in- 
hibitors of  complement  binding.   Thus  this  approach  has  the  potential  of  offer- 
ing a  new  class  of  inhibitors  to  the  processes  involved  in  the  inflammatory 
reaction,  especially  in  the  class  of  autoimmune  phenomena. 

The  development  of  specific  radioimmunoassays  for  the  activation  products 
of  C3  will  allow  more  precise  measurement  of  C3  activation  in  certain  immune 
and  autoimmune  disorders,  as  well  as  an  important  tool  for  in  vitro  studies. 
The  antibodies  will  also  be  used  to  identify  cell  surface  receptors  by  fluores- 
cence methods. 

The  chemical  study  of  C3b  binding  to  cell  membranes  will  be  directed 
towards  identifying  the  titratable  cysteine  residue  and  the  probable  acyl 
group  which  forms  the  covalent  bond,  as  well  as  the  interaction  between  these 
two  functional  groups. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Conjugation  (or  mating)  in  Parameciun  (as  in  numerous  other  species  of 
protozoa  and  bacteria)  occurs  between  complementary  cells  during  special  periods 
of  reactivity.   The  interaction  between  reactive  cells  of  opposite  mating  type 
shows  an  unusually  high  degree  of  specificity.   When  cells  of  opposite  (comple- 
mentary) mating  type  are  mixed  in  culture,  they  adhere  to  one  another  on  contact 
forming  clumps  containing  as  many  as  twenty  cells .   The  initial  agglutination 
f_  reactive  cells  involves  only  the  cilia  of  the  animals  and  only  those  cilia 
which  are  located  along  the  oral  surface.   Within  minutes  of  contact,  the  initial' 
agglutination  reaction  is  followed  by  pairing  of  complementary  cells  which 
separate  from  the  initial  clump.   The  complementary  pairs  undergo  a  fusion  of 
their  membranes  along  the  oral  surface  which  is  followed  by  a  reciprocal  exchange 
of  gametic  nuclei  and  eventually  mitosis.   The  process  of  specific  cell  agglu- 
tination and  the  subsequent  events  leading  to  mitosis  are  reminiscent  of  the 
biological  actions  associated  with  another  class  of  agglutinus  -  the  lectins. 
The  project  outlined  in  this  report  is  designed  to  isolate  and  chemically       | 
characterize  the  substance(s)  involved  in  the  highly  specific  cell  recognition 
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Project  Description: 


Objective:   To  purify  and  characterize  the  mating  substance(s)  (m-agglu- 
tinins)  from  P^.  multimicronucleatum.   To  characterize  at  the  molecular  level 
the  chemical  basis  for  the  specific  cell-cell  interaction  and  agglutination 
between  complementary  M-agglutinins . 

Methods  Employed:   Culture  methods  have  been  adapted  to  grow  large  volume 
(10-100  liter)  quantities  of  mature  cells  in  both  reactive  and  unreactive 
states  as  well  as  smaller  volumes  (110  liter)  of  immature,  unreactive  cells. 
A  procedure  has  been  developed  for  the  isolation  of  various  subcellular  fractions 
including  purified  reactive  cilia  from  mature  cells.   A  wide  range  of  antisera 
has  been  developed  against  a  variety  of  cells,  subcellular  fractions,  and 
protein  extracts  against  both  unreactive  and  reactive  cells.   Immunologic 
analyses  have  been  developed  employing  specific  absorption  tests,  immunodiffusion 
and  Immunoelectrophoresis  for  studying  the  particular  cellular  fractions  under 
investigation. 

Procedures  to  isolate  and  purify  the  M-agglutinins  from  cellular  extracts 
include  a  variety  of  methods  including  ammonium  sulfate  precipitation,  gel 
filtration  and  ion-exchange  chromatography  and  isoelectric  focusing  in  sucrose 
gradients.   Biological  assays  have  been  developed  using  isolated  reactive 
cilia  to  determine  mating  reactivity  and  localization  of  reactive  sites. 
Immunological  assays  have  been  developed  using  specific  immune  sera.   The 
inhibition,  as  well  as  induction,  of  agglutination  of  reactive  cells  is  carried 
out  in  special  depression  slides  and  monitored  microscopically. 

Major  Findings:   When  cells  of  complementary  mating  type  are  mixed  they 
undergo  a  specific  agglutination  as  a  first  step  in  a  series  of  events  which 
ultimately  result  in  a  reciprocal  exchange  of  nuclei  followed  by  mitosis. 
The  cell-cell  interaction  is  highly  specific  and  involves  only  the  cilia  localized 
along  the  oral  surface  of  the  cells.   Following  agglutination,  the  cells  separate 
from  the  clumps  forming  pairs.   Pair  formation  is  characterized  by  a  fusion 
of  the  membranes  along  the  oral  suture.   The  intial  recognition  by  comple- 
mentary cells  through  ciliary  contact  has  lead  us  to  develope  a  procedure 
for  the  isolation  of  reactive  cilia  free  from  cell  bodies  or  other  cellular 
debris.   A  biological  assay  has  now  been  developed  using  the  isolated  reactive 
cilia  to  localize  the  reactive  regions  in  intact  cells  as  well  as  monitoring 
the  reactivity  of  isolated  subcellular  fractions.   Results  of  such  assays 
show  a  zone  of  reactivity  along  the  anterior-oral  suture  of  mating  reactive 
cells.   Experiments  designed  to  characterize  the  membrane-bound  (ciliary) 
agglutinin (s)  are  currently  in  progress.   Concurrent  with  our  studies  on  the 
ciliary  agglutinin (s) ,  we  have  developed  a  series  of  immune  sera  which  inhibit 
both  the  initial  agglutination  reaction  and  subsequent  pair  formation.   Absorption 
assays  have  been  developed  using  specific  immune  sera  and  mating  reactive 
cells  which  allowed  us  to  begin  fractionation  studies  of  cellular  extracts. 
These  studies  have  resulted  in  the  identification  and  partial  purification 
of  two  antigens  which  are  localized  on  the  cellbody  membrane  and  appear  to 
be  involved  in  the  specific  cell-cell  interactions  involved  in  mating.   Immune 
sera  have  been  raised  against  two  "blocking"  antigens  in  an  effort  to  develop 
separate  assays  for  the  two  substances. 
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Cellular  extracts  from  highly  reactive  cells  have  been  fractionated  by 
a  combination  of  ammonium  sulfate  pricepitation  and  ion-exchange  chromatography 
resulting  in  the  separation  of  two  "blocking"  antigens. 
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Significance  to  Biomedical  Research:   Specific  cell-cell  interaction 
is  a  universal  phenomenom  which  is  important  in  understanding  various  aspects 
of  cellular  development  and  behavior.   Mating  in  Paramecium  is  characterized 
by  a  highly  specific  interaction  between  cells  of  opposite  mating  type  leading 
to  an  agglutination  reaction  and  cell  fusion.   Knowledge  of  the  molecular 
basis  for  such  cell  specificity  is  important  in  understanding  a  variety  of 
cellular  interactions  as  well  as  gaining  an  understanding  of  the  architecture 
of  cell  surfaces  associated  with  such  reactions. 

Proposed  Course:   Having  identified  certain  cilia  as  the  primary  agent (s) 
in  the  initial  recognition  and  agglutination  reaction  of  complementary  cells 
together  with  two  antigens  located  on  the  cortical  membrane  as  potentially 
involved  in  pairing  and  membrane  fusion,  experiments  are  now  in  progress  to 
purify  the  specific  substances  and  localize  them  within  the  membrane.   A  year 
ago  our  principal  effort  was  to  develope  an  assay (s)  to  allow  us  to  monitor 
the  mating  reaction  and  follow  subsequent  purification  steps  of  the  mating 
(M-agglutinin)  substances.   The  development  of  specific  immune  sera  allows 
us  to  do  this.   We  now  propose  to  use  immuno-fluorescence  techniques  to  specifically 
localize  the  M-agglutinin  substances  within  the  cell  membrane  as  an  adjunct 
to  our  purification  efforts.   Ultimately,  we  hope  to  fully  characterize  the 
specific  agglutination  substances  by  various  physico-chemical  techniques  and 
identify  the  nature  of  the  reactive  groups.   Subsequent  studies  will  include 
efforts  to  follow  the  synthesis  of  mating  substances  relative  to  the  cell 
cycle  and  those  factors  which  induce  synthesis  and  trigger  mitosis  resulting 
from  cell-cell  interactions. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Previous  work  has  shown  that  biologically  functional,  non-covalently 
linked  complexes  of  cytochrome  c   are  generated  from  several  combinations  of 
both  overlapping  and  non-overlapping  fragments .   We  are  currently  using  fast 
kinetic  techniques  to  study  the  dynamic  events  leading  to  the  formation  of  an 
ordered,  native-like  structure.   Using  fluorescence  changes  to  monitor  the 
reaction,  second  order  kinetics  are  observed.   The  rate  constants  obtained  are 
independent  of  the  nature  £f  the  apo fragment,  but  are  strongly  dependent  on 
the  nature  of  the  heme-containing  fragment .   Thus  the  reaction  rate  is  identical 
for  combination  of  (1-38)H  with  apo fragments  (1-104) ,  (23-104) ,  and  (56-104) , 
and  for  combination  of  (1-25)H  with  either  (1-104)  or  (23-104) .   However  the 
rate  constant  obtained  for  complexes  utilizing  (1-25)H  is  about  fifteen  times 
larger  than  that  observed  for  complexes  of  (1-38)H.   If  the  reactions  are 
[carried  out  in  the  presence  of  imidazole,  the  rate  constant  for  (1-25)H 
Complexes  increases  by  a  factor  of  two  while  the  rate  constant  for  (1-38)H 
complexes  increases  by  over  an  order  of  magnitude.   These  results  are  inter- 
preted to  suggest  that  the  degree  of  interaction  of  the  heme  moiety  with  the 
presidues  of  the  same  chain  is  an  important  tacto"r  influencing  the  rate  constant. 
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Methods  Employed  and  Major  Findings:   Three  principal  heme  containing 
fragments  consisting  of  residues  (1-25)H,  (1-38)H,  and  (1-53, 55)H  and  four 
principal  apofragments  consisting  of  residues  (54,56-104),  (39-104),  (23-104) 
and  (1-104)  have  been  prepared  from  horse  heart  cytochrome  c_.   It  is  found 
that  any  given  heme  fragment  will  react  with  any  overlapping  apofragment  and 
with  its  non-overlapping  complement  to  form  a  non-covalently  linked,  yet 
biologically  functional  molecule  resembling  closely  native  cytochrome  c_.   In 
addition,  heme  fragment  (1-38)H  will  form  a  productive  complex  with  apofrag- 
ment (56-104)  despite  the  fact  that  17  amino  acid  residues  are  missing.   On  the 
other  hand,  combination  of  fragments  (1-25)H  and  (39-104)  results  in  much 
weaker  binding  and  no  biological  activity. 

Characterization  of  the  productive  complexes  by  spectral  properties  and 
by  biological  activities  reveals  only  minor  differences  between  them.   This 
suggests  that  the  end  product  is  essentially  the  same  despite  the  variability 
of  the  starting  materials.   This  situation  offers  an  outstanding  opportunity 
for  investigation  of  the  dynamic  events  leading  to  the  formation  of  tertiary 
structure  in  globular  proteins. 

These  complementation  reactions  have  been  found  to  occur  very  rapidly, 
but  can  be  effectively  studied  using  stopped-flow  techniques.   In  this  method 
a  complementation  reaction  is  initiated  by  mixing  two  solutions  in  a  time  of 
about  2  milliseconds  and  using  appropriate  electronic  techniques  to  monitor 
changes  in  optical  properties  due  to  the  reaction  itself.   All  of  the  reactions 
studied  thus  far  have  been  carried  out  in  0.1  M  potassium  phosphate,  pH  7.0,  at 
25°  with  the  iron  atom  in  the  oxidized  (+3)  state.   For  all  fragment  combina- 
tions, the  complementation  reaction  may  be  monitored  by  changes  in  either 
fluorescence  or  absorbance. 

Fluorescence  Measurements .  \nien   the  fluorescence  quenching  of  the  single 
tryptophan  residue  at  position  59  is  used  to  monitor  the  reaction,  the  ampli- 
tude of  the  intensity  change  is  equal  to  that  observed  under  equilibrium  con- 
ditions.  Thus  no  reaction  occurs  at  a  rate  which  is  too  fast  to  be  measured 
by  the  stopped-flow  technique.   Furthermore,  the  reaction  occurs  in  a  single 
phase  exhibiting  second  order  kinetics  for  all  fragment  combinations  yielding 
a  productive  complex.   For  a  given  heme  fragment,  the  rate  constant  is  in- 
dependent of  the  nature  of  the  complementing  apofragment,  so  long  as  a  pro- 
ductive complex  is  formed.  _For  example,  for  heme  fragment  (1-38)H  a  rate 
constant  of  2.1x10  M   sec   is  obtained  for  the  reaction  with  (1-104),  (23- 
104),  and  (56-104).   If  heme  fragment  (1-53^H  is  combined  with  either  (1-104) 
or  (54-104)  the  rate  constant  is  1.5x10  M   sec   in  both  cases.  Reaction 
of  (1-25)H  with  (1-104)  or  (23-104)  results  in  a  value  of  3.2x10  M~  sec 
for  the  rate  constant.   Clearly  the  heme  fragment  has  the  dominant  influence 
in  determining  the  rate  of  complementation. 

An  identifiable  structural  difference  among  the  heme  fragments  is  that 
for  (1-53)H  and  (1-38)H  the  sixth  ligand  to  the  iron  atom  is  provided  by  an 
intramolecular  histidine  residue  (probably  histidine  33)  while  in  (1-25)H  no 
histidine  residues  are  available  for  ligation  and  the  sixth  position  is 
probably  occupied  by  a  water  molecule.   The  effect  of  this  structural  dif- 
ference can  be  tested  by  carrying  out  the  reactions  in  the  presence  of  10  mM 
imidazole.   Under  these  conditions,  the  weak  field  water  ligand  will  be 
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replaced  by  a  strong  field  imidazole  ligand  in  the  (1-25)H  fragment,  and  the 
intramolecular  histidine  will  be  replaced  by  imidazole  in  both  (1-38)H  and 
(1-53)H.   In  the  case  of  the  latter  two  fragments,  the  nature  of  the  ligand 
is  essentially  unchanged  and  the  major  effect  is  one  of  breaking  the  intra- 
molecular bond  and  thus  drastically  modifying  the  interaction  of  the  poly- 
peptide chain  with  the  heme  moiety.   When  the  reaction  rates  are  measured 
in  10  mM  imidazole  the  rate  constant  for  (1-25)H  increases  by  a  factor  of  two, 
while  the  rate  constants  for  both  (1-38)H  and  (1-53)H  increase  by  a  factor  of 
fifteen.   These  results  are  interpreted  to  suggest  that  the  degree  of  intra- 
chain  interaction  of  the  heme  is  an  important  factor  in  determining  the  rate 
of  reaction  while  the  nature  of  the  sixth  iron  ligand  has  little  effect  on  the 
initial  rate  of  complex  formation. 

Absorbance  Measurements.   All  of  the  above  reactions  may  also  be  moni- 
tored by  absorbance  changes.   When  this  is  done,  the  kinetic  profile  becomes 
complex  and  the  data  cannot  be  fit  to  either  first  order  or  second  order 
kinetic  equations.   Some  insight  into  this  situation  can  be  gained  by  consider- 
ing the  results  obtained  for  the  non-productive  complex  (l-25)H+(39-104) .   In 
this  complex  the  binding  strength  is  drastically  reduced  and  there  is  no 
biological  activity.   An  equimolar  mixture  of  two  fragments  will  result  in 
a  measurable  equilibrium  between  free  fragments  and  complex.   The  kinetics  of 
this  reaction  can  be  fit  very  nicely  to  a  simple  second  order-first  order 
equilibrium  and  give  identical  results  by  both  absorbance  and  fluorescence 
techniques.   The  second  order  rate  constant  is  very  similar  to  that  obtained 
for  productive  complexes  of  (1-25)H.   Thus  we  might  speculate  that  the  dis-     ^T, 
crepancy  between  the  fluorescence  and  absorbance  results  for  the  productive     W;' 
complexes  is  caused  by  atomic  rearrangements  which  occur  after  the  second 
order  event  and  which  cause  no  additional  fluorescence  change  but  do  result 
in  absorbance  changes.   In  the  case  of  the  non-productive  complex  these 
rearrangements  (which  under  this  scheme  would  account  for  the  increased  binding 
strength  of  the  productive  complexes)  do  not  occur  and  the  kinetic  profile 
becomes  identical  in  both  modes.   It  is  emphasized,  however,  that  this  explana- 
tion is  purely  speculative,  and  remains  to  be  proven. 

Significance  to  Biomedical  Research:   The  understanding  of  the  interatomic 
interactions  underlying  the  conformational  dynamics  and  functions  of  proteins 
is  important  in  the  understanding  of  cellular  mechanisms  involving  proteins. 
These  fragment  complementing  systems  of  cytochrome  £  are  an  excellent  test 
object  for  examination  of  the  contribution  of  individual  amino  acid  residues 
to  the  interatomic  interactions  responsible  for  the  structure  and  function  of 
cytochrome  c_,  an  important  class  of  proteins. 

Proposed  Course  of  Research; 

1)  Curve  fitting  of  the  kinetic  profile  observed  by  absorbance  to  more     M 
complex  equations  in  an  attempt  to  decouple  the  various  reactions.  «^ 

2)  Kinetic  experiments  with  the  iron  atom  in  the  reduced  (+2)  state.        "" 

3)  Study  the  temperature  dependence  of  the  rate  constants. 

4)  Preparation  of  iron  free  heme  fragments  (porphyrin  fragments). 

5)  Study  the  complementing  ability  of  porphyrin  fragments. 

6)  Study  the  kinetics  of  formation  of  porphyrin  fragment  complementing 
systems. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  are  using  quantitative  immunochemical  methods  to  locate  the  antigenic 
ieterminants  on  hemoglobins  A  and  S.   We  have  changed  the  metal  in  the  porphyrin 
3f  the  heme  group  in  both  hemoglobins  and  are  studying  these  reconstituted 
lemoglobins  by  quantitative  precipitin  and  radioimmunoassay  to  see  if  any 
significant  conformational  changes  have  been  induced.   This  project  will  be 
expanded  to  chemical  modification  of  certain  amino  acid  residues  and  various 
snzymatic  cleavages  to  test  the  effects  of  these  procedures  on  the  binding  of 
antibodies  against  the  native  proteins.   These  studies  will  allow  us  to  detect 


subtle  changes  in  the  conformation  of  hemoglobins  with  zinc,  copper,  cobalt, 
nanganese  and  nickel  metalloporphyrins .   Further,  the  metalloporphyrin  and  the 
chemical  modification  studies  should  allow  us  to  locate  antigenic  detemimants  on 
the  hemoglobin  molecule.   In  addition  we  are  studying  the  effects  on  the  gelation 
3f  sickle  hemoglobin  of  the  metalloporphyrin  substitutes. 
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Objectives :   The  gelation  of  hemoglobin  S  has  been  of  continuing  interest 
to  this  and  other  laboratories.   Locating  the  antigenic  sites  on  the  hemoglobin 
molecule  may  facilitate  the  design  of  a  specific  compound  that  can  be  synthesized, 
or  of  some  complementary  peptide  fragment  that  can  be  isolated,  which  will  inter- 
act with  the  hemoglobin  surface  and  inhibit  gelation.   To  study  these  antigenic 
determinants,  we  are  measuring  the  binding  of  antibodies  to  hemoglobins  A  and  S 
by  quantitative  precipitin  and  radioimmunoassay  methods  and  studying  the  effects 
of  chemical  modifications  and  peptide  fragments  on  the  antibody-hemoglobin 
interactions. 

In  addition  we  have  been  preparing  a  variety  of  metalloporphyrins,  with 
other  metals  substituted  for  the  iron  atom  and  are  reconstituting  hemoglobins  A 
and  S  with  these  prosthetic  groups.   We  are  using  the  immunochemical  methods  to 
study  the  effects  of  these  substitutions  of  the  hemoglobin  structure.   We  are 
also  studying  the  ability  of  these  metalloporphyrin  hemoglobin  S  derivatives 
to  gel. 

Methods  Employed :   Hemoglobins  A  and  S  were  purified  from  the  blood  of 
AA,  SS,  and  SC  donors  by  ion  exchange  chromatography.   Normal  hemoglobins  A 
and  S  were  reconstituted  using  copper,  cobalt,  zinc,  manganese,  nickel,  proto- 
porphyrin IX  and  the  native  iron.   This  was  accomplished  by  removing  the  heme 
group  yielding  the  apohemoglobin  and  reconstituting  the  protein  with  the  above 
metalloporphyrin  derivatives.   The  various  metallohemoglobins  were  purified  by 
column  chromatography  employing  Sephadex  and  Carboxymethyl  Cellulose.   The 
hemoglobins  were  then  concentrated,  dialyzed  against  0.05  M  phosphate  buffer, 
pH  7.1,  frozen  in  liquid  notrogen  and  stored  in  a  Revco  freezer. 

Antibodies  against  native  hemoglobin  A  were  obtained  from  sheep.   The  IgG 
component  of  the  antisera  was  purified  using  ammonium  sulfate  and  chromatographed 
on  an  anion  exchange  resin.   The  material  was  concentrated,  frozen  and  stored  as 
described  above. 

The  various  hemoglobin  derivatives  were  tested  for  their  antigenic  reactivity 
against  the  IgG  using  the  standard  Ouchterlony  technique.   Precipitin  curve 
analyses  were  carried  out  on  the  metallohemoglobins  to  check  further  for 
conformational  changes  and  we  are  now  in  the  process  of  setting  up  the  more 
sensitive  and  quantitative  radioimmunoassay  to  complete  the  first  phase  of 
our  study. 

Major  Results:   The  metallohemoglobin  derivatives  which  contain  copper, 
cobalt,  manganese  and  iron  showed  complete  identity  with  antibodies  raised 
against  the  native  protein  as  shown  by  the  Ouchterlony  studies.   Protoporphyrin 
IX,  nickel  and  apohemoglobin  showed  partial  identity  and  the  results  with  the 
zinc  derivative  are  not  conclusive.   Quantitative  precipitin  curve  analyses 
indicated  copper  hemoglobin  to  be  the  only  derivative  to  mantain  the  same 
conformation  as  the  native  protein  while  all  of  the  others  appear  to  be  altered 
to  some  degree.   These  experiments  are  being  repeated  for  more  conclusive  data 
and  the  radioimmunoassay  which  is  being  prepared  will  tell  us  precisely  the 
degree  in  which  the  various  metallohemoglobin  derivatives  differ  from  the 
native  protein. 
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Significance  to  Biomedical  Research;   The  various  metallohemoglobin  deri- 
vatives serve  as  unique  probes  in  studying  the  active  site  of  the  native  hemo- 
globin molecule  and  the  concomitant  effects  transmitted  to  the  rest  of  the 
protein  moiety.   These  studies  will  help  us  understand  what  occurs  when  the 
iron  atom  in  the  heme  group  of  native  hemoglobin  changes  its  electronic  pro- 
perties when  undergoing  the  R^^T  transition.   The  various  metalloporphyrin     u 
derivatives  allows  us  to  separate  the  effects  of  changes  in  the  ionic  radius,   \ 
electron  spin,  coordination  sphere  and  spin  density  at  the  active  site  on  the 
remainder  of  the  protein  molecule.   We  are  studying  these  subtle  changes  by 
immunochemical  techniques.   Changes  in  the  protein  moiety  could  change  some 
of  the  antigenic  determinats  and  one  can  then  begin  a  search  for  these  deter- 
minants with  hope  that  compounds  which  will  interact  specifically  with  one  or 
more  of  the  sites  can  be  designed.   In  doing  so  the  intermolecular  contact 
points  which  exists  when  deoxhemoglobin  S  gels  can  be  inhibited  and  this  should 
decrease  the  amount  of  hemoglobin  which  polymerizes  and  therefore  decrease  the 
gelation  which  is  responsible  for  the  well  known  sickle  crisis. 

Proposed  Course  of  Project:   The  quantitative  precipitin  curve  analyses 
will  be  continued  along  with  the  radioimmunoassay.   If  indeed  significant 
conformational  changes  have  occurred  a  detailed  search  for  these  changes  will 
be  pursued.   Chemical  modification  and  enzymatic  cleavages  of  the  proteins  are 
methods  which  will  be  used  in  searching  for  the  location  of  the  changes.   The 
ultimate  goal  of  the  project  is  to  locate  antigenic  sites  and  synthesize  com- 
pounds (especially  peptides)  which  are  complementary  to  those  sites  with  a 
high  degree  of  specificity.   We  will  then  test  to  see  if  these  compounds        ^ 
will  decrease  the  gelation  of  hemoglobins  in  vitro  and  subsequently  ^L 

in  vivo. 
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Project  Description: 

Objective:   Finding  of  an  enzyme  which  catalyzes  the  formation  of 
covalent  bond  between  heme  and  apocytochrome  _c  -  hypothetical  cytochrome  c.      ^ 
synthetase.  ^ 

Methods  Employed  and  Major  Findings:   Thioether  linkages  of  horse  heart 
cytochrome  z_  were  first  split  to  obtain  apo  cytochrome  z_.      The  stability  of 
free  SH  groups  of  apocytochrome  £  was  tested  using  parachloromercuribenzoate 
and  Ellman  reagent.   The  results  indicate  that  the  SH  groups  are  stable  enough 
for  the  time  required  for  an  anticipated  enzymatic  reaction.   Carboximethylation 
was  also  performed  for  the  same  purpose.   Rhodospir ilium  nib rum,  photosynthetic 
bacteria,  was  chosen  as  a  source  of  cytochrome  _c  and  of  the  hypothetical  syn- 
thetase.  The  reason  for  this  choice  is  the  availability  of  the  free  alpha- 
amino  group  of  the  protein  molecule,  feature  that  permits  to  obtain  monocar- 
bamoylated  labeled  apoprotein,  and  the  easiness  in  growing  the  bacteria  in  pre- 
paring substrate  and  enzyme  from  them. 

As  preliminary  preparation  of  Rhodospirillum  fubrum  cytochrome  c-  35  g  (wet 
weight)  bacteria,  harvested  by  centrifugation,  were  used  to  obtain  3.5  mg  product, 
which,  after  ammonium  sulfate  fractionation,  yielded  2.1  mg  cytochrome  c„ .   The 
purity  of  this  sample,  as  tested  both  with  ferricyanide  oxidized,  dithionate 
reduced  VIS-UV  absorption  spectra,  and  by  disc-gel  electrophoresis  was  96-98%. 

Carbamoylation  tests  were  performed  using  yeast  (Sacharomices  cerevisiae) 
cytochrome  _c,  containing  free  alpha-amino  group.   In  a  preliminary  experiment,   ^ 
conditions  described  in  recent  literature  for  a  different  system  for  the  same 
reaction  were  tested.   Carbamoylated  products  separated  by  gradient  elution  on 
an  ion  exchanger  column.  ^, 

A  second  experiment  was  also  performed  using   C  labeled  KCNO  in  order  to 
identify  carbamoylated  species. 

Stability  of  hemin  solutions  was  also  tested  in  0.075  M  Na  hydroxide  as 
well  as  in  0.1  M  Tris-HCl  buffer  pH  8.   Pyridine  hemochromes  spectra  of  the 
solutions  containing  ascorbate  under  nitrogen  atmosphere  were  measured  during 
incubation  for  three  hours.   The  results  indicated  a  good  stability  as  estimated 
from  the  alpha-band,  an  absorbance  minimum  between  alpha  and  beta  band  and  the 
absorbances  ratio  of  a  to  6  band. 

Significance  to  Biomedical  Research: The  present  study  is  of  prime  impor- 
tance in  clarifying  the  final  step  of  biosynthesis  of  an  important  protein  in- 
volved in  cell  respiration,  as  much  as  in  photosynthetic  metabolism. 

It  is  therefore  pointed  out  that  the  information  of  the  present  work  could 
be  applied  to  the  corresponding  problem  of  the  organisms.   The  availability  of 
cytochrome  c^  synthetase  would  open  the  way  of  the  total  chemical  synthesis  of 
cytochrome  c^  for  the  study  of  structure-function  of  the  protein.  •^ 

Proposed  Course  of  Research: 

1)   Isolation  of  large  quantities  of  cytochrome  c.  from  Rhodospirillum 
rub rum. 


2)  Preparation  of  apocytochrome  c.  from  the  isolated  material. 

3)  Labeling  the  apoprotein  by  carbamoylation. 


^ 
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ANNUAL  REPORT  OF  THE  LABORATORY  OF  BIOCHEMICAL  PHARJ^IACOLOGY 
NATIONAL  INSTITUTE  OF  ARTHRITIS,  METABOLISM,  AND  DIGESTIVE  DISEASES 


I.   PROTEIN  STRUCTURE  AND  MECHANISM  OF  ENZYME  AND  HORMONE  ACTION 

Studies  on  the  Struature  and  Funation  of  Receptors  for  Glycoprotein 
Hormones^    Bacterial  Toxins,    and  Interferon 

The  structural  components,  glycoprotein  and  ganglioside,  of  these  receptors 
have  been  further  defined.   The  ability  of  the  receptor  to  induce  conformation- 
al changes  in  the  effector  has  been  further  amplified.   A  ganglioside  role  in 
facilitating  effector  penetration  of  the  lipid  bilayer  has  been  postulated. 
Phospholipid  modulation  of  receptor  expression  has  been  uncovered.   Receptor 
fragments  have  been  isolated  which  enhance  interferon  bioactivity  in  vivo. 

Drs.  G.  Lee,  E.  F.  Grollman,  P.  S.  Lazo,  R.  P.  Magnusson,  E. 

Consiglio,  M.  J.  S.  De  Wolf,  M.  Epstein,  N.  P.  Morris,  and  L.  D.  Kohn 

Studies  on  the  Mechanism  of  Tetanus  Action 

An  in  vitro  system  has  been  developed  to  study  tetanus  interactions  with 
neural  receptors  and  tetanus-induced  changes  in  electrochemical  ion  gradients. 
The  first  known  in  vitro  "biological  effect"  of  the  toxin,  membrane  hyper- 
polarization,  has  been  described. 

Drs.  G.  Lee,  E.  F.  Grollman,  W.  H.  Habig  (Bacterial  Toxins 

Branch,  Division  of  Bacterial  Products,  Bureau  of  Biologies,  Food  and 
Drug  Administration),  M.  C.  Hardegree  (Bacterial  Toxins  Branch),  S. 
Ramos  (Bacterial  Toxins  Branch) ,  H.  R.  Kaback  (Roche  Institute  of 
Molecular  Biology,  Nutley,  New  Jersey),  and  L.  D.  Kohn 

Studies  on  Interferon  Action 

Changes  in  electrochemical  ion  gradients  have  been  shown  to  be  induced  by 
interferon  in  vesicle  preparations  of  sensitive  cells.   These  changes  predict 
a  mode  of  action  similar  to  sperm-ovum  Interactions  where  pH  and  ion  changes 
in  the  interior  of  the  cell  regulate  the  mitogenic  response.   For  interferon, 
these  changes  are  predicted  to  be  an  adjunct  signal  important  for  counteract- 
ing viral-induced  changes  opposite  in  their  net  effect  on  the  cell  interior. 

Drs.  E.  F.  Grollman,  P.  S.  Lazo,  S.  Ramos  (Bacterial  Toxins 

Branch,  Division  of  Bacterial  Products,  Bureau  of  Biologies,  Food  and 
Drug  Administration),  R.  M.  Friedman  (Laboratory  of  Experimental  Pathology, 
National  Institute  of  Arthritis,  Metabolism,  and  Digestive  Diseases), 
H.  R.  Kaback  (Roche  Institute  of  Molecular  Biology,  Nutley,  New  Jersey), 
G.  Lee,  and  L.  D.  Kohn 

Studies  on  Graves  '  Disease 

Altered  receptor  structural  components  have  been  correlated  with  functional 


434 


€ 


ZOl  AM  25,027-01  LCB 


4)  Checking  for  enzymatic  activity  of  the  Rhodospirillum  rubriim  extracts 
which  form  labeled  cytochrome  c„  from  hemin  and  apocytochrome  c.  and  purifica- 
tion and  characterization  of  the  enzyme. 
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hypersensitivity  of  the  gland.   Autoimmunity  has  been  tentatively  related  to 
antibodies  against  receptor  components. 

Drs.  G.  Lee,  E.  F.  Grollman,  S.  M.  Aloj  (Centre  di  Endocrinologia 

ed  Oncologia  Sperimentale  del  C.N.R. ,  Naples,  Italy),  R.  J.  Winand  (Departe- 
ment  de  Clinique  et  de  Semiologie  Medicales,  Institut  de  Medecine,  Univer- 
site  de  Liege,  Belgium),  and  L.  D.  Kohn 

Studies  on  Thyroglobulin  Biosynthesis  and  Degradation 

A  membrane  receptor  has  been  defined  which  may  be  important  in  this  process. 
It  is  analogous  to  the  Ashwell  receptor  on  liver  membranes.   The  results  pre- 
dict that  sialic  acid  is  a  key  determinant  regulating  thyroglobulin  turnover. 

Drs.  E.  Consiglio,  J.  E.  Rail  (Clinical  Endocrinology  Branch, 

National  Institute  of  Arthritis,  Metabolism,  and  Digestive  Diseases), 
G.  Salvatore  (Centro  di  Endocrinologia  ed  Oncologia  Sperimentale  del 
C.N.R. ,  Naples,  Italy),  and  L.  D.  Kohn 

Tryptophan  Synthase  of  Escherichia  aoli 

Our  understanding  of  the  structure,  function,  and  subunit  interaction  in  the 
tryptophan  synthase  ci2  62  complex  has  been  advanced  by  specific  chemical  modifi- 
cation of  active  site  residues  and  by  studies  of  limited  proteolysis.   We  have 
synthesized  bromoacetylpyridoxamine  phosphate  and  have  shown  that  it  is  a  true 
affinity  label  and  reacts  with  a  specific  sulfhydryl  residue  of  the  S2  subunit 
near  the  pyridoxal  phosphate  binding  site.   We  have  shown  that  the  same  sulf- 
hydryl residue  (SH-I)  reacts  reversibly  with  nitrothiocyanobenzoic  acid  and  is 
essential  for  catalytic  activity.   It  has  thus  been  distinguished  from  a  second 
active  site  sulfhydryl  residue  (SH-II)  which  is  not  essential  for  catalytic 
activity.   The  results  of  partial  tryptic  digestions  of  37  subunit  labeled 
selectively  at  SH-I  or  SH-II  show  that  both  sulfhydryl  residues  are  located 
in  the  Fi  fragment  which  also  contains  the  pyridoxal  phosphate  binding  site. 
Several  peptides  labeled  at  one  or  more  active  site  residues  have  been  iso- 
lated and  are  being  sequenced.   The  62  subunit  has  also  been  irreversibly 
labeled  at  the  active  site  by  a  substrate  analog,  L-2-amino-4-methoxy-trans- 
3-butenoic  acid;   an  unusual  chromophoric  adduct  is  formed  and  is  being 
characterized  in  both  enzymic  and  model  systems. 

The  arrangement  of  the  subunits  in  the  a2S2  complex  has  been  probed  by  studies 
of  limited  proteolysis  by  trypsin.   Subunit  association  inhibits  two  types  of 
proteolysis  which  occur  with  the  separate  a  and  89  subunits  but  does  allow  the 
a  subunit  to  be  cleaved  at  one  region  without  loss  of  activity.   The  active 
"nicked"  a  subunit  has  been  isolated,  denatured,  resolved  into  two  inactive 
fragments,  and  reconstituted.   This  system  is  potentially  useful  for  studying 
folding  of  the  a  subunit  and  structure-function  relationships. 

Drs.  E.  W.  Miles  and  W.  Higgins 

Aminoacyl  tRNA  Synthetases 

Over  a  period  of  years  we  have  accumulated  evidence  that  the  glycyl  tRNA 
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synthetase  of  yeast  can  exist  in  two  forms.   These  are  present  in  the  cells 
and  vary  in  concentration  in  a  reciprocal  manner  during  growth.   During  the 
past  year  we  have  found  that  the  activity  of  the  valyl  tRNA  synthetase  can  be 
made  to  oscillate  in  vitro,  and  this  oscillation  can  be  influenced  by  frac- 
tionation of  the  preparation  and  by  the  addition  of  particular  factors  to  the 
test  medium,  thus  opening  the  way  to  a  definitive  study  of  the  regulatory 
mechanism. 

Dr.  S.  Black 

II.   SYNTHESIS  OF  PROTEINS  AND  NUCLEIC  ACID 

Nuateia  Acid  Synthesis 

Replication  of  linear  duplex  T4  DNA  in  vivo  requires  several  proteins  encoded 
by  the  phage  DNA,  including  T4  DNA  polymerase  (gene  43),  the  T4  DNA  binding  or 
unwinding  protein  (gene  32),  and  the  proteins  encoded  by  genes  44,  62,  45,  and 
41,  in  addition  to  T4  proteins  required  for  deoxynucleotide  synthesis.   The 
complex  of  the  gene  44  and  62  proteins  is  a  DNA-dependent  ATPase  (or  dATPase) 
whose  activity  is  enhanced  by  the  gene  45  protein.   The  41  protein  is  a  single- 
stranded  DNA-requiring  nucleotidase,  which  hydrolyzes  both  ribo-  and  deoxyribo- 
triphosphates.   Several  other  phage  proteins  are  involved  in  controlling  the 
time  or  extent  of  viral  DNA  synthesis. 

We  have  previously  shown  that  efficient  strand  displacement  synthesis  at  a  nick 
in  duplex  DNA  requires  T4  DNA  polymerase  and  the  32,  44/62,  and  45  proteins, 
and  is  stimulated  under  some  conditions  by  41  protein.   This  reaction  requires 
rATP  (or  a  high  concentration  of  dATP) .   The  3'  OH  group  at  the  nick  in  the 
template  serves  as  a  primer  to  which  new  product  can  be  attached. 

During  the  past  year  we  have  been  studying  the  initiation  of  new  DNA  chains, 
using  circular  single-stranded  DNA's  as  templates.   DNA  synthesis  with  these 
templates  requires  T4  DNA  polymerase  and  the  44/62,  45,  and  41  proteins,  as 
well  as  an  additional  factor,  first  identified  in  some  preparations  of  32  pro- 
tein by  Alberts  and  his  collaborators.   One  complete  copy  of  the  template  is 
made  with  these  proteins,  resulting  in  a  duplex  circular  product.   If  32  pro- 
tein is  also  present,  strand  displacement  synthesis  occurs  after  completion  of 
the  duplex  circle.   The  product  is  then  duplex  circles  with  very  long  tails. 
Most  of  the  tails  are  partially  or  completely  double-stranded  due  to  the  ini- 
tiation of  new  chains  on  the  displaced  strand. 

The  initiation  reaction  occurs  on  a  variety  of  single-stranded  DNA's  and  re- 
quires ribonucleotide  triphosphates;   rATP  and  rCTP  are  sufficient  to  give 
about  70%  of  the  synthesis  observed  with  all  four  ribonucleotide  triphosphates. 
Since  the  initiation  reaction  is  not  specific  for  T4  DNA,  it  may  be  analogous 
to  the  beginning  of  "Okasaki  fragments"  at  sequences  which  are  short  enough  to  ^ 
be  present  in  all  of  the  DNA's  which  serve  as  templates.  ^, 

Dr.  N.  G.  Nossal 

The  product  of  the  T4  gene  61  is  required  for  the  formation  of  the  initiating 
activity  which  works  in  conjunction  with  the  T4  proteins.   This  initiating 
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activity  cannot  be  detected  in  crude  extracts  but  can  be  measured  following 
DNA  cellulose  chromatography.   No  initiating  activity  is  found  in  fractions 
from  uninfected  cells  or  from  nonpermissive  cells  infected  with  amber  mutants 
in  gene  61.   It  is  present  after  infection  of  nonpermissive  hosts  by  amber 
mutants  in  all  other  genes  tested,  as  well  as  after  infection  of  permissive 
hosts  with  gene  61  mutants. 

Mutations  in  gene  61  cause  a  marked  reduction  in  the  synthesis  of  T4  DNA  in 
vivo.   It  is  not  clear  at  present  whether  the  residual  DNA  synthesis  with  gene 
61  mutants  is  due  to  the  production  of  low  levels  of  the  gene  61  product  under 
nonpermissive  conditions,  or  to  substitution  by  another  host  or  phage  protein 
for  the  function  normally  carried  out  by  the  gene  61  product. 

Drs.  L.  L.  Silver  and  N.  G.  Nossal 

Pvotein  Synthesis  and  Gene  Expression  in  Escherichia  coli 

In  continuing  our  studies  on  the  regulation  of  protein  synthesis  we  have  puri- 
fied the  mRNA  for  the  peptide  chain  elongation  factor  EF-Tu.   By  using  this 
mRNA  we  directly  demonstrated  by  means  of  nucleic  acid  hybridization  that 
various  enteric  bacteria  contain  duplicate  tuf  genes  that  encode  EF-Tu.   Dupli- 
cate genes  encoding  a  protein,  though  common  in  some  eukaryotes,  are  very  rare 
in  bacteria,  having  been  found  only  for  an  enzyme  in  the  arginine  biosynthetic 
pathway.   In  this  case  the  duplication  is  limited  to  some  strains  of  E_^  coli 
K-12,  and  the  two  genes  have  diverged  significantly.   In  this  light  our  find- 
ing for  the  tuf  genes  suggest  that  duplicated,  highly  conserved  tuf  genes  must 
be  essential  for  enteric  bacteria. 

In  these  and  related  studies  we  also  showed  that  one  of  the  tuf  genes  is  con- 
tiguous with  the  fus  gene  which  encodes  another  peptide  chain  elongation  factor, 
EF-G.   This  finding  presents  the  intriguing  problem  of  explaining  how  the  cell 
synthesizes  four  times  as  much  of  this  tuf  gene  product  as  it  does  of  the  fus 
gene  product. 

Drs.  A,  V.  Furano,  D.  Filer,  and  F.  S.  Young 

The  Mechanism  of  Action  of  Nerve  Growth  Factor   (NGF) 

In  collaboration  with  Dr.  Lloyd  Greene,  we  are  studying  the  effect  of  the  pro- 
tein NGF  on  a  line  of  cells  cloned  from  a  murine  neural  tumor.   In  the  absence 
of  NGF,  the  cells  grow  as  small,  round  cells  devoid  of  any  of  the  histological 
and  many  of  the  biochemical  features  of  neural  cells.   Upon  the  addition  of 
NGF,  essentially  all  of  the  cells  stop  dividing  and  after  a  period  of  differ- 
entiation assume  most  of  the  histological,  physiological,  and  biochemical  pro- 
perties of  a  mature  neural  cell,  including  neurite  outgrowth  and  electrical 
excitability.   We  used  two-dimensional  gel  electrophoresis  to  compare  the  types 
of  proteins  synthesized  by  the  undifferentiated  growing  cells  and  the  differ- 
entiated neurons.   We  found  no  consistent  qualitative  and  only  a  few  minor 
quantitative  changes  in  the  electrophoretic  pattern  of  [I'^C] amino  acid-labeled 
proteins  synthesized  by  the  cells.   From  these  results  we  conclude  that  the 
dramatic  morphological  and  physiological  alterations  exhibited  by  the  differ- 
entiated cells  must  take  place  largely  through  a  rearrangement  of  the  types  of 
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the  major  structural  proteins  synthesized  by  the  cells  prior  to  NGF  treat- 
ment. 

In  contrast  to  the  results  using  [-'-C] amino  acids,  we  found  that  NGF  stimu- 
lated the  incorporation  of  fucose  or  glucosamine  into  several  glycoproteins. 
One  of  these  has  a  molecular  weight  of  230,000  and  is  essentially  completely  M 
removed  by  mild  trypsin  treatment  of  intact  cells,  a  result  which  suggests    ^'*' 
that  this  protein  is  exposed  on  the  cell  surface.   Control  experiments  have 
shown  that  the  increased  labeling  of  this  glycoprotein  is  not  merely  a  conse- 
quence of  this  cessation  of  growth  induced  by  NGF  and  is  therefore  intimately 
related  to  the  NGF-induced  differentiation.   Immunological  studies  have  shown 
that  this  NGF-induced  glycoprotein  is  different  from  "LETS"-glycoprotein. 

Drs.  A.  V.  Furano  and  Lloyd  Greene  (Department  of  Neuro- 
pathology, Children's  Hospital  Medical  Center,  Boston,  Massachusetts) 

III.  COMPLEX  CARBOHYDRATES 

A  new  method  for  isolating  oligosaccharides  from  human  milk  has  been  devised. 
The  isolated  oligosaccharides  are  being  used  in  continuing  studies  on  the 
chemical  specificity  of  Waldenstrom  cold  agglutinins  and  for  the  production 
of  specific  antibodies  for  use  in  radioimmune  assays. 

Synthetic  sialyl  oligosaccharide-protein  antigens  were  prepared  by  coupling 
phenethylamine  derivatives  of  purified  sialyl  oligosaccharides  to  bovine  serum 
albumin  (BSA) .   Conjugates  prepared  using  positional  isomers,  S'-sialyllactose^B 
(NeuNAca2-3GalBl-4Glc)  and  6 '-sialyllactose  (NeuNAca2-6Gal61-4Glc) ,  are  effec- 
tive immunogens  and  precipitating  antigens.   For  example,  rabbits  immunized 
with  the  3 '-sialyllactose — BSA  conjugate  produce  antibodies  that  react  with 
3 '-sialyllactose — BSA  but  not  with  6 '-sialyllactose — BSA.   Conversely,  rabbits 
immunized  with  6 '-sialyllactose — BSA  produce  antibodies  that  react  with  6'- 
sialyllactose — BSA  but  not  with  3 '-sialyllactose — BSA.   These  specific  anti- 
bodies may  be  useful  in  distinguishing  positional  isomers  of  sialic  acid. 

Drs.  V.  Ginsburg,  D.  F.  Smith,  and  T.  E.  Rohr 

IV.  THE  OUTER  MEMBRANE  OF  ESCHERICHIA  COLI 

The  outer  membrane,  the  outermost  layer  of  the  gram-negative  cell,  is  known  to 
be  responsible  for  the  greater  antibiotic  insensitivity  of  these  organisms 
compared  to  gram-positive  cells.   Mutants  containing  defined  mutations  causing 
increased  antibiotic  sensitivity  can  serve  to  define  these  changes.   We  have 
isolated  and  mapped  two  loci  in  E.  coli,  nbsA  and  nbsB,  at  10  minutes  and  80 
minutes  of  the  chromosome,  respectively,  that  confer  increased  sensitivity  to 
novobiocin,  as  well  as  to  other  drugs  and  inhibitors.   The  changes  appear  to  ^ 
be  solely  in  the  lipopolysaccharide  moiety  of  the  outer  membrane,  consisting  ^ 
of  the  loss  of  distal  sugars  in  the  molecule  and,  in  both  nbsA  and  nbsB 
mutants,  the  possible  substitution  of  L-glycerol-D-mannoheptose  by  a  related 
molecule  (i.e.,  D-glycerol-D-mannoheptose) .   Little  or  no  changes  in  protein 
or  lipid  occur  in  the  nbsA  mutant.   This  is  the  first  time  that  such  anti- 
biotic sensitivity  has  been  traced  to  a  change  in  a  single  outer  membrane 
macromolecule,  as  previous  isolates  of  antibiotic-sensitive  mutants  had       ^» 
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pleiotrophic  changes  resulting  in  loss  of  protein  as  well  as  alteration  in 
lipopolysaccharide . 

Drs.  W.  G.  Coleman,  Jr, ,  and  L.  Leive 

Membrane  Molecules  and  Phagocytosis  in  Macrophages 

There  are  conflicting  data  in  the  literature  as  to  whether  the  proteins  inter- 
nalized during  phagocytosis  are  representative  of  the  entire  membrane  or 
whether  they  are  not.   We  have  labeled  macrophage  membranes  with  lactoperoxi- 
dase-catalyzed  iodination  and  allowed  phagocytosis  of  latex  particles,  either 
underivatized  or  substituted  with  molecules  for  which  the  macrophage  has 
receptors.   Preliminary  evidence  suggests  that  under  some  conditions  the  iodi- 
nated  proteins  that  are  internalized  may  not  be  representative  of  all  the 
iodinated  proteins. 

Drs.  L.  Leive,  M.  Bramwell  (Sir  William  Dunn  School  of  Pathol- 
ogy, University  of  Oxford,  Oxford,  England),  and  S.  Gordon  (Sir  William 
Dunn  School  of  Pathology) 

V.   MECHANISMS  OF  INHERITANCE  IN  SACCHAROMYCES  CEREVISIAE 

The  Killer  Virus-Plasmid  of  Yeast 

Background.   Two  species  of  double-stranded  (ds)  RNA,  called  L  (3.0  x  10   dal- 
tons)  and  M  (1.5  x  10"  daltons)  are  found  in  killer  strains  of  S_^  cerevisiae. 
Such  strains  secrete  a  toxin  (coded  for  by  M)  which  is  lethal  only  to  strains 
not  carrying  M  ds  RNA.   L  codes  for  the  coat  protein  in  which  it  and  probably 
M  are  encapsulated  as  virus-like  particles.   We  have  previously  described  three 
chromosomal  genes  whose  products  are  essential  for  expression  of  the  informa- 
tion in  M  ds  RNA  (kex  and  rex  genes)  and  24  chromosomal  genes  needed  for  main- 
tenance or  replication  of  M,  but  not  for  I^  (mak  genes). 

New  Findings.   The  spe2  gene  (adenosylmethionine  decarboxylase)  is  needed  for 
spermidine  and  spermine  biosynthesis  (see  "Polyamines"  section).   We  have  found, 
in  collaboration  with  Drs.  M.  S.  Cohn,  C.  W.  Tabor,  and  H.  Tabor,  that  on  star- 
vation of  spe2  strains  for  polyamines,  they  lose  the  M  ds  RNA  (killer  plasmid- 
virus) ,  but  not  other  cellular  plasmids. 

We  have  isolated  temperature-sensitive  and  new  absolute  defective  mak  mutants 
and  have  continued  to  locate  these  on  the  genetic  map  of  yeast.   We  have  devel- 
oped a  new  quicker  mapping  method  which  will  be  useful  for  locating  any  yeast 
mutant.   This  method  relies  on  the  fact  that  an  extra  chromosome  produces 
aberrant  segregation  in  meiosis  of  all  markers  on  that  chromosome  and  uses  a 
special  triploid  strain  with  each  chromosome  carrying  a  marker  in  the  -/+/+ 
configuration.   The  aneuploid  spores  generated  by  meiosis  from  this  "super- 
triploid"  are  mated  with  the  unmapped  mutant.   This  method  allows  one  to 
quickly  determine  on  which  chromosome  the  new  mutation  is  located.   Using  this 
method,  we  have  discovered  a  new  chromosome,  number  XIX,  for  yeast.   Several 
mak  genes  have  been  mapped  by  this  and  conventional  methods. 
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We  have  discovered  four  chromosomal  genes  [skll  through  sk.i4  (for  superkiller) ] 
recessive  mutations  in  any  one  of  which  result  in  increased  production  of  the 
killer  toxin.   Three  of  these  mutations  have  been  mapped.   Each  of  these  muta- 
tions also  results  in  some  increase  in  copy-number  of  the  M  ds  RNA  (killer 
plasmid-virus) .   Each  ski  mutation  makes  several  mak  genes  dispensable  for 
killer  plasmid  replication,  including  spe2.   Skil  makes  all  nine  mak  genes 
tested  dispensable.   This  can  be  interpreted  by  hypothesizing  the  presence  of 
multiple  pathways  for  killer  plasmid  replication. 

We  have  isolated  mutant  killer  plasmids  (called  [KIL-sd]),  whose  maintenance 
is  dependent  on  the  presence  of  a  chromosomal  ski  mutation.   These  mutants 
have  lost  a  plasmid  function  or  site  needed  for  normal  replication. 

Another  type  of  plasmid  mutant  we  have  isolated  has  become  independent  of  mak4, 

mak7,  and  makll  for  its  maintenance  and  confers  the  superkiller  phenotype. 

These  plasmids  can  be  viewed  as  lacking  the  site  at  which  the  ski2  or  ski3 
products  act. 

We  have  also  found  several  mutant  killer  plasmids  with  small  deletions  but 
functioning  like  the  wild  type  killer  plasmid-virus. 

Drs.  R.  B.  Wickner,  A.  Toh-e,  and  P.  Guerry-Kopecko 

VI.   POLYAMINES 

Mutations  in  Spermidine  Biosynthesis  in  Esdhevieh.ia  aoti  and  Sacoharomi/ces  /tf"" 

aerevisiae 

We  have  extended  our  studies  of  the  mutants  of  E^  coli  that  we  have  obtained 
for  polyamine  biosynthesis.   We  have  constructed  and  characterized  deletion 
mutants  in  each  of  four  steps  in  polyamine  biosynthesis.   We  have  been  able, 
by  transduction,  to  combine  these  deletion  mutants  into  a  single  organism. 
We  have  utilized  this  quadruple  mutant  (carrying  mutations  in  ornithine  decar- 
boxylase, arginine  decarboxylase,  agmatine  ureohydrolase ,  and  adenosylmethio- 
nine  decarboxylase)  to  study  the  role  of  polyamines  in  E_^  coli.   These  organisms 
have  no  detectable  putrescine  or  spermidine.   Their  growth  rate  is  markedly 
slowed;   the  doubling  time  is  5  hours.   These  cells,  however,  are  able  to 
maintain  the  growth  of  various  bacteriophages.   The  sensitivity  to  some  anti- 
biotics is  slightly  enhanced.   We  are  continuing  studying  these  multiple 
mutants  to  try  to  define  specific  function  for  the  polyamines  in  E_^  coll. 

We  are  also  isolating  more  mutants  in  adenosylmethionine  decarboxylase  in 
attempts  to  obtain  mutations  which  prevent  the  formation  of  the  pyruvate 
cof actor  in  the  enzyme,  as  well  as  structural  mutations  in  the  enzyme. 

In  order  to  further  study  the  pyruvate  cof actor  in  the  E.  coli  enzyme,  we  have 
isolated  a  plasmid  from  the  Carbon  collection  which  carries  the  E^  coli  gene 
for  the  adenosylmethionine  decarboxylase.   We  have  developed  culture  conditions 
for  cells  carrying  this  plasmid  to  amplify  the  amount  of  enzyme  that  we  can 
obtain  for  study. 


We  are  isolating  and  mapping  mutants  of  E.  coli  in  lysine  decarboxylase  in 
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order  to  eliminate  the  formation  of  cadaverine  from  lysine  in  the  polyamine- 
deficient  organism. 

Drs.  E.  W.  Hafner,  H.  Tabor,  and  C.  W.  Tabor 

Studies  with  mutants  of  yeast  lacking  adenosylmethionine  decarboxylase  have 
yielded  evidence  for  two  specific  functions  of  spermidine  or  spermine  in  vivo: 
(1)  the  yeast  cannot  sporulate  and  (2)  they  cannot  maintain  the  double-stranded 
RNA  plasmid  of  yeast  called  "killer  plasmid."   Putrescine  cannot  substitute 
for  spermidine  or  spermine  in  these  functions.   The  gene  for  adenosylmethionine 
decarboxylase  is  tightly  linked  to  the  argl  gene  in  S_^  cerevisiae  and  appears 
to  be  located  on  a  new  18th  chromosome. 

We  have  also  been  isolating  mutations  in  the  ornithine  decaboxylase  gene  to 
obtain  yeasts  that  are  completely  deficient  in  putrescine  as  well  as  spermi- 
dine and  spermine. 

Drs.  M.  S.  Cohn,  C.  W.  Tabor,  and  H.  Tabor 

We  have  devised  a  rapid  assay  for  mixed  leucocyte  histocompatibility,  based 
on  the  very  early  striking  increases  in  ornithine  decarboxylase  and  adenosyl- 
methionine decarboxylase,  two  of  the  enzymes  involved  in  polyamine  biosynthesis. 
We  have  also  obtained  a  highly  purified  growth  factor  from  regenerating  liver, 
which  acts  specifically  on  liver  cells  in  culture.   We  have  continued  our 
studies  of  rat  liver  adenosylmethionine  decarboxylase,  in  order  to  determine 
the  subunit  structure  of  the  enzyme,  and  the  stoichiometry  of  the  covalently- 
bound  pyruvate  cof actor. 

Drs.  A.  A,  Demetriou,  C.  W.  Tabor,  and  H.  Tabor 

We  have  extended  our  studies  with  the  amino  acid  analyzer  in  our  polyamine 
studies.   We  have  developed  methods  for  the  separation  of  adenosylmethionine 
and  decarboxylated  adenosylmethionine. 

Drs.  C.  W.  Tabor  and  H.  Tabor 

VII.  EVOLUTION 

The  capacity  of  nucleotide  bases  to  form  hydrogen  bonds  with  peptides  has  been 
demonstrated . 

Drs.  C.  H.  Niu  and  S.  Black 

VIII.  TRAUMATIC  SHOCK  AND  CELLULAR  IMMUNITY 

Previous  studies  from  this  laboratory  have  shown  a  defect  in  cellular  immunity 
of  burned  mice  with  a  decreased  in  vitro  cytotoxicity  of  lymphocytes.   Investi- 
gations into  the  mechanism  of  this  phenomenon  indicate  a  defect  in  the  induc- 
tion of  immunity  of  spleen  T  cells. 

Other  experiments  were  performed  to  study  the  host  defense  mechanism  of  burned 
animals,  which  depends  upon  the  migration  of  lymphocytes  and  macrophages  to 
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the  burned  area  in  order  to  aid  in  the  process  of  phagocytosis  of  foreign  anti- 
gens, especially  bacteria.   Our  results  indicate  that  migration  of  macrophages 
and  lymphocytes  is  significantly  decreased  after  burn  trauma.   This  effect  is 
not  due  to  abnormal  production  of  lymphokines  that  influence  migration,  since 
macrophage  and  lymphocyte  inhibition  factor  production  was  normal  in  lympho- 
cytes from  burned  mice.  ^^' 

Previous  experiments  showed  a  decrease  of  extravascular  fluid  movement  in 
mice  with  age.   Studies  were  made  of  the  effect  of  varying  concentrations 
of  NaCl  administered  in  the  diet  on  the  effects  upon  fluid  movement  and,  in 
the  long  run,  upon  longevity  of  mice. 

Drs.  K.  Markley  and  S.  M.  Rosenthal  and  Mrs.  E.  T.  Smallraan 

IX.   MYCOBACTERIUM 

New  cytochemical  methods  for  identification  of  various  types  of  hemopoietic 
cells  were  developed.   Marrow  cells  were  stained  successively  for  the  enzymatic 
activities  of  chloroacetate  esterase  (red  color)  and  myeloperoxidase  (yellow 
color)  and  afterwards  counterstained  with  methyl  green  (green  color).   Various 
color  combinations  appear  in  the  cytoplasm  of  different  types  of  hemopoietic 
cells,  which  made  cell  differentiation  much  easier  than  the  standard  methods. 

Growth  of  megakaryocytes  was  succeeded  in  cultures  of  bone  marrow  cells.   A 
10-fold  increase  in  the  number  of  megakaryocytes  was  observed  in  a  period  of 
5-6  days.   The  membrane  demarcation  system  and  the  platelet  liberation         m^ 
phenomenon  were  clearly  shown. 

Dr.  Y.  T.  Chang 
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I.   Protein  Synthesis.   The  aminoacyl  tRNA  synthetases  of  all  living 
organisms  catalyze  the  following  general  reaction: 


amino  acid  +  ATP  +   tRNA  < aminoacyl  tRNA  +  AMP  +  PP. 

We  have  found  previously  that  within  the  yeast  cell  two  forms  of  the  glycyl 
tRNA  synthetase  co-exist,  one  being  dependent  on  activator-like  substances, 
whereas  the  other  is  active  in  the  absence  of  any  special  additives.   These 
two  forms  appear  to  be  cyclically  interconverted  during  growth  as  part  of  a 
regulatory  mechanism.   For  several  years  we  have  sought  to  demonstrate  this 
interconversion  of  the  two  forms  in  cell-free  extracts  as  an  enzymatic 
process.   During  the  past  year  we  changed  from  the  glycyl  to  the  valyl  tRNA 
synthetase  and  find  that  oscillations  of  the  latter' s  activity  can  be  pro- 
duced in  vitro.   Upon  modest  purification  of  the  system  the  oscillations 
vanish,  but  they  can  be  reactivated  by  suitable  additions.   Further  progress 
should  thus  be  possible  through  fractionation  and  reconstitution  of  the 
valyl  tRNA  synthetase  regulatory  system. 

We  plan  to  continue  this  study  with  the  general  objective  of  illucidating 
the  detailed  components  and  operation  of  the  mechanism  by  which  the  primary 
step  of  protein  synthesis  is  regulated. 

II.   Evolution.   Experiments  designed  to  elucidate  the  origin  of  the  genetic 
code  have  been  further  pursued.   During  this  year  an  important  step  has  been 
made  with  the  demonstration  that  hydrogen  bonds  can  form  between  nucleotide 
bases  and  peptides,  verifying  an  essential  aspect  of  the  theory  proposed 
from  this  laboratory  seven  years  ago.   It  should  now  be  possible  to  pursue 
the  problem  in  a  much  more  systematic  manner. 

Publications : 

Black,  S.:   On  the  thermodynamics  of  evolution.   Perspect.  Biol.  Med.  21: 
348-356,  1978. 
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Project  Description: 

Cytochemical  Identification  of  Hemopoietic  Cells.   Cytocentrifuge  cell  pre- 
parations were  made  from  cell  suspensions  of  mouse  bone  marrow.   Cells  were 
stained  for  the  enzymatic  activity  of  chloroacetate  esterase  (red  color)  and 
myeloperoxidase  (yellow  color),  and  afterwards  counterstained  with  methyl 
green  (green  color) .   Various  color  combinations  appear  in  the  cytoplasm 
of  different  types  of  hemopoietic  cells:   neutrophilic  granulocytes  appeared 
red;   eosinophilic  granulocytes  appeared  dark  yellow;   erythroid  cells  and 
megakaryocytes  appeared  deep  blue-violet;   erythrocytes  appeared  dark  orange; 
lymphocytes  and  monocytes  appeared  light  blue;   and  mast  cells  (peritoneal) 
appeared  metachromatic.   The  nuclei  of  erythroid  cells  and  megakaryocytes 
appeared  dark  blue-green,  while  nuclei  of  other  types  of  cells  appeared 
light  or  dark  blue. 

Myelogram  of  Mouse.   Myelogram  studies  were  made  by  enumeration  of  various 
types  of  cells  from  the  cytocentrifuge  cell  preparations.   Cells  were  stained 
with  the  above  combination  technique.   The  total  number  of  nucleated  cells 
from  the  femur  and  tibia  of  both  legs  of  an  animal  was  16.5  :<  10°.   Neutro- 
philic granulocytes  comprised  46.7%  of  the  number,  eosinophilic  granulocytes 
4%,  erythroid  cells  17.9%,  lymphoid  cells  31.2%,  and  megakaryocytes  0.03%. 

Growth  of  Megakaryocytes  in  Cultures  .   Studies  on  the  growth  of  megakaryocytes 
in  cultures  of  mouse  bone  marrow  were  completed.   A  10-fold  increase  in  the 
number  of  megakaryocytes  was  observed  in  a  period  of  5-6  days  after  cultiva- 
tion.  Best  growth  was  observed  in  a  medium  made  of  NCTC  135  and  20%  horse     I 
serum.   Fetal  bovine  serum  did  not  support  growth  as  good  as  horse  serum. 
Supplementation  with  bovine  embryo  extract  and  endotoxin-induced  mouse  serum, 
both  of  which  have  been  known  to  enhance  the  growth  of  other  hemopoietic  cells, 
did  not  improve  the  growth  of  megakaryocytes.   Growth  of  megakaryocytes 
showed  a  lineal  response  to  the  number  of  bone  marrow  cells  present  in  the 
cultures.   Mitotic  figures  of  various  sizes  were  observed.   The  membrane 
demarcation  system  and  the  platelet  liberation  phenomenon  were  observed 
during  the  first  few  days  of  cultivation.   An  unusual  phenomenon  was  observed 
suggesting  that  the  so-called  "amitotic  mitosis"  (amitotic  cell  division) 
might  appear  in  the  growth  of  megakaryocytes  under  certain  circumstances. 

Cultivation  of  Human  Macrophages.   Studies  were  made  on  the  long-term  culti- 
vation of  human  macrophages  for  possible  host  cells  for  the  growth  of  Myco- 
bacterium  leprae.   Human  blood  leukocytes  were  maintained  in  a  medium  con- 
taining McCoy's  5A  medium  and  25%  human  serum.   Preliminary  results  suggested 
that  long-term  cultivation  of  human  macrophages  was  possible.   Once  this  is 
achieved,  studies  on  the  growth  of  >L_  leprae  will  be  initiated. 

Publication: 

Yamagami,  A.,  and  Chang,  Y.  T.:   Growth  of  Mycobacterium  lepraemurium  in 
cultures  of  macrophages  obtained  from  various  sources.   Infect.  Immun.  17: 
531-534,  1977. 
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We  are  continuing  our  investigations  into  the  regulation  of  protein  synthesis 
and  gene  expression  in  Escherichia  coli.   In  addition,  we  have  extended  our 
studies  to  examine  the  mechanism  whereby  nerve  growth  factor  (NGF)  induces 
the  differentiation  of  immature  neural  cells  into  mature  neurons.   The  studies 
on  NGF  are  being  carried  out  with  the  collaboration  of  Dr.  Lloyd  Greene. 
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Project  Description:  * 

I.   Protein  Synthesis  and  Gene  Expression  in  Escherichia  coli.   In  continuing 
our  studies  on  the  regulation  of  protein  synthesis  we  have  purified  the  mRNA 
for  the  peptide  chain  elongation  factor  EF-Tu.   By  using  this  mRNA  we  directly 
demonstrated  by  means  of  nucleic  acid  hybridization  that  various  enteric  bac- 
teria contain  duplicate  tuf  genes  that  encode  EF-Tu.   Duplicate  genes  encoding 
a  protein,  though  common  in  some  eukaryotes,  are  very  rare  in  bacteria,  having 
been  found  only  for  an  enzyme  in  the  arginine  biosynthetic  pathway.   In  this 
case  the  duplication  is  limited  to  some  strains  of  E.  coli  K-12,  and  the  two 
genes  have  diverged  significantly.   In  this  light  our  finding  for  the  tuf 
genes  suggest  that  duplicated,  highly  conserved  tuf  genes  must  be  essential 
for  enteric  bacteria. 

In  these  and  related  studies  we  also  showed  that  one  of  the  tuf  genes  is  con- 
tiguous with  the  fus  gene  which  encodes  another  peptide  chain  elongation 
factor,  EF-G.   This  finding  presents  the  intriguing  problem  of  explaining 
how  the  cell  synthesizes  four  times  as  much  of  this  tuf  gene  product  as  it 
does  of  the  fus  gene  product. 

II.   The  Mechanism  of  Action  of  Nerve  Growth  Factor  (NGF) .   In  collaboration 
with  Dr.  Lloyd  Greene,  we  are  studying  the  effect  of  the  protein  NGF  on  a 
line  of  cells  cloned  from  a  murine  neural  tumor.   In  the  absence  of  NGF,  the 
cells  grow  as  small,  round  cells  devoid  of  any  of  the  histological  and  many 
of  the  biochemical  features  of  neural  cells.   Upon  the  addition  of  NGF,  essen- 
tially all  of  the  cells  stop  dividing  and  after  a  period  of  differentiation 
assume  most  of  the  histological,  physiological,  and  biochemical  properties  of 
a  mature  neural  cell,  including  neurite  outgrowth  and  electrical  excitability. 
We  used  two-dimensional  gel  electrophoresis  to  compare  the  types  of  proteins 
synthesized  by  the  undifferentiated  growing  cells  and  the  differentiated 
neurons.   We  found  no  consistent  qualitative  and  only  a  few  minor  quantita- 
tive changes  in  the  electrophoretic  pattern  of  [l^C] amino  acid- labeled  pro- 
teins synthesized  by  the  cells.   From  these  results  we  conclude  that  the 
dramatic  morphological  and  physiological  alterations  exhibited  by  the  differ- 
entiated cells  must  take  place  largely  through  a  rearrangement  of  the  types 
of  the  major  structural  proteins  synthesized  by  the  cells  prior  to  NGF 
treatment. 

In  contrast  to  the  results  using  [l^C]amino  acids,  we  found  that  NGF  stimu- 
lated the  incorporation  of  fucose  or  glucosamine  into  several  glycoproteins. 
One  of  these  has  a  molecular  weight  of  230,000  and  is  essentially  completely 
removed  by  mild  trypsin  treatment  of  intact  cells,  a  result  which  suggests 
that  this  protein  is  exposed  on  the  cell  surface.   Control  experiments  have 
shown  that  the  increased  labeling  of  this  glycoprotein  is  not  merely  a  con- 
sequence of  this  cessation  of  growth  induced  by  NGF  and  is  therefore  inti- 
mately related  to  the  NGF-induced  differentiation.   Immunological  studies 
have  shown  that  this  NGF-induced  glycoprotein  is  different  from  "LETS"- 
glycoprotein. 


448 


4 


Publications : 

Furano,  A.  V. ,  and  Wittel,  F.  P. :   Effect  of  the  relA  Gene  on  derepression 
of  amino  acid  biosynthetic  enzymes  in  growing  Escherichia  coli  depends  on  the 
pathway  being  derepressed.   J.  Bacteriol.  132:  352-355,  1977. 

Furano,  A.  V.:   Direct  demonstration  of  duplicate  tuf  genes  in  enteric 
bacteria.   Proc.  Natl.  Acad.  Sci.  U.S.A.  75,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Oligosaccharides  will  be  isolated  from  natural  sources.   Oligosaccharides  will 
be  coupled  to  macromolecules  in  order  to  make  antibodies  specific  for  certain 
sugar  sequences.   The  antibodies  will  be  used  in  radioimmune  assays  for  the 
occurrence  of  these  sugar  sequences  in  the  glycolipids  and  glycoproteins  of 
cell  membranes  and  serum  in  order  to  investigate  the  involvement  of  the  complex 
carbohydrates  of  cell  surfaces  in  development  and  regulation  or  as  tumor- 
specific  antigens .  \. 

Wald ens tram  macroglobulins  and  myeloma  proteins  will  be  screened  for  their 
ability  to  react  with  human  erythrocytes.   Those  that  do  will  be  tested  for 
their  ability  to  react  with  various  oligosaccharides  coupled  to  macromolecules 
in  order  to  define  their  specificity. 
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Project  Description: 

Many  carbohydrates  of  cell  membranes  occur  at  levels  too  low  to  be  detected 
by  conventional  means.   We  are  developing  immunological  methods  for  their 
detection  using  two  general  approaches  for  obtaining  carbohydrate-specific 
antibodies:   (1)  animals  will  be  immunized  with  pure  oligosaccharides 
coupled  to  macromolecules  and  (2)  the  specificities  of  Waldenstrom  macro- 
globulins  and  myeloma  proteins  which  bind  carbohydrates  will  be  determined. 

A  procedure  using  ion-exchange  chromatography  on  DEAE-cellulose  in  pyridine- 
acetic  acid  buffers,  pH  5.4,  has  been  developed  for  the  partial  separation 
of  sialyl  oligosaccharides  from  human  milk.   The  method  permits  the  large- 
scale  preparation  of  7  sialyl  oligosaccharide  fractions  in  essentially  quan- 
titative yields.   Individual  sialyl  oligosaccharides  are  purified  from  these 
fractions  by  paper  chromatography. 

Sialyl  oligosaccharide-protein  conjugates  are  prepared  by  coupling  the  phen- 
ethylamine  derivatives  of  purified  sialyl  oligosaccharides  to  bovine  serum 
albumin  (BSA)  via  their  phenylisothiocyanate  intermediate  as  shown: 


CH,OH 


M,  OH  •  NMjlCHj). 


oy- 


CMjOM 


|;^ch,.h,c»,,-<;^^>.h/-— ^^^ 


CHjNHfCMjt,' 


MH-CI»S-IPrown 


Sialyl  oligosaccharides  are  converted  to  their  phenethylamine  derivatives  by 
reaction  with  S-(p-aTninophenyl)-ethylamine  followed  by  reduction  with  NaSH^. 
The  phenethylamine  derivatives  are  activated  to  their  phenylisothiocyanate 
intermediate  by  reaction  with  thiophosgene  and  coupled  to  protein  at  pH  9.0. 
From  10  to  40  moles  of  sialyl  oligosaccharides  are  incorporated  per  mole  of 
BSA. 

Conjugates  prepared  using  positional  isomers,  3 '-sialyllactose  (NeuNAca2- 
3Gal31-4Glc)  and  6 '-sialyllactose  (NeuNAca2-6GalSl-4Glc) ,  are  effective 
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inununogens  and  precipitating  antigens.   For  example,  rabbits  immunized  with 
the  3'-sialyllactose — BSA  conjugate  produce  antibodies  that  react  with  3'- 

sialyllactose — BSA  but  not  with  6 '-sialyllactose — BSA.   Conversely,  rabbits  ly 

immunized  with  6 '-sialyllactose — BSA  produce  antibodies  that  react  with  6'-  '^ 

sialyllactose — BSA  but  not  with  3 '-sialyllactose — BSA.   These  specific  anti-  ^-^ 

bodies  may  be  useful  in  distinguishing  positional  isomers  of  sialic  acid.  |  w 

Proposed  Course: 

Oligosaccharides  will  be  isolated  from  natural  sources.   Certain  oligosaccha- 
rides will  be  coupled  to  macromolecules  in  order  to  make  antibodies  specific 
for  certain  sugar  sequences.   The  antibodies  will  be  used  in  radioimmune 
assays  for  the  occurrence  of  these  sugar  sequences  in  the  glycolipids  and 
glycoproteins  of  cell  membranes  and  serum. 

Waldenstrom  macroglobulins  and  myeloma  proteins  will  be  screened  for  their 
ability  to  react  with  human  erythrocytes.   Those  that  do  will  be  tested  for 
their  ability  to  react  with  various  oligosaccharides  coupled  to  macro- 
molecules  in  order  to  define  their  specificity. 

Publications : 

Zopf,  D.  A.,  Tsai,  C.-M.,  and  Ginsburg,  V.:   Studies  on  the  carbohydrate 
receptors  of  cold  agglutinins  using  synthetic  antigens.   In  Mohn,  J.  F. , 
Plunkett,  R.  W. ,  Cunningham,  R.  K. ,  and  Lambert,  R.  M.  (Eds.):   Human 
Blood  Groups.   Basel,  Switzerland,  S.  Karger  AG,  1977,  pp.  172-178. 

Tsai,  C.-M,,  Zopf,  D.  A.,  Yu,  R.  K. ,  Wistar,  R. ,  Jr.,  and  Ginsburg,  V.: 
A  WaldenstrSm  macroglobulin  that  is  both  a  cold  agglutinin  and  a  cryo- 
globulin because  it  binds  N-acetylneuraminosyl  residues.   Proc.  Natl. 
kcad.    Sci.  U.S.A.  74:  4591-4594,  1977. 

Ginsburg,  V.:   Comparative  biochemistry  of  nucleotide-linked  sugars.   In 
Marchesi,  V.  T. ,  Ginsburg,  V.,  Robbins,  P.  W. ,  and  Fox,  C.  F.  (Eds.): 
Cell  Surface  Carbohydrates  and  Biological  Recognition.   New  York,  Alan  R. 
Liss,  Inc.,  1978,  pp.  595-600. 

Marchesi,  V.  T. ,  Ginsburg,  V.,  Robbins,  P.  W. ,  and  Fox,  C.  F.  (Eds.): 
Cell  Surface  Carbohydrates  and  Biological  Recognition.   New  York,  Alan  R. 
Liss,  Inc.,  1978,  674  pp. 

Ginsburg,  V.  (Ed.):   Methods  in  Enzymology  -  Complex  Carbohydrates,  Part  C. 
New  York,  Academic  Press,  1978,  Vol.  50,  628  pp. 

Smith,  D.  F. ,  Zopf,  D.  A.,  and  Ginsburg,  V.:   Fractionation  of  sialyl  oligo- 
saccharides of  human  milk  by  ion-exchange  chromatography.   Anal.  Biochem. 
85:  602-608,  1978. 
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pp.  169-171. 

Smith,  D.  F. ,  Zopf,  D.  A.,  and  Ginsburg,  V.:   Sialyl  oligosaccharides  from 
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feron, transmit  their  message  through  the  cell  membrane  has  been  further  defined 
Studies  have  been  initiated  to  explore  the  importance  of  these  relationships  to  . 
the  expression  of  thyroid  hyper function  in  Graves'  disease,  to  the  autoimmunity  ' 
of  Graves'  disease,  to  the  sympathetic  overactivity  syndrome  of  tetanus,  to  the 
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Project  Description: 

Objectives : 

The  thrust  of  work  in  this  section  is  toward  an  understanding  of  the  mecha- 
nisms regulating  cell  activity.   Special  emphasis  is  on  studies  concerning 
the  action  of  pharmacodynamic  agents  on  enzymes  within  the  cell  and  in  its 
membrane.   Specifically,  studies  have  been  initiated  which  concern  the 
mechanism  of  exophthalmos  and  Graves'  disease,  preventive  therapeutic 
measures  for  these  diseases,  and  hormone  receptor  function  at  a  membrane 
level.   These  studies  have  been  extended  to  the  enzymatic  mechanisms  of 
membrane  transport  in  bacterial  and  mammalian  cells;   to  membrane  structure; 
to  enzymatic  mechanisms  in  the  biosynthesis  of  collagen  and  their  relation 
to  human  collagen  disease  states;   and  to  the  structure  and  function  of 
oxidoreductases  important  to  energetic  regulation  of  cell  functions. 

Major  Findings: 

Definition  of  the  Structure  and  Function  of  the  Thyrotropin  Receptor.   In 
previous  work  we  have  suggested  that  the  thyrotropin  (TSH)  receptor  is  com- 
posed of  both  a  glycoprotein  and  ganglioside  component  and  that  a  critical 
determinant  in  this  receptor  structure  is  an  oligosaccharide  moiety.   TSH 
upon  interacting  with  the  receptor  is  believed  to  undergo  a  conformational 
change  coded  for  by  this  oligosaccharide  moiety.   The  a  subunit  of  TSH  is 
presumed  to  enter  the  membrane  bilayer,  and  the  membrane  undergoes  a  change 
in  state  or  conformation.   The  membrane  change  includes  an  altered  electro- 
chemical gradient  across  the  membrane;   this  altered  gradient  is  believed 
to  be  an  adjunct  signal  to  the  cell  not  mediated  by  cyclic  AMP  but  obliga- 
torily coupled  or  mutually  regulated  with  cAMP  changes.   This  hypothesis  has 
been  developed  in  the  following  studies : 

(1)  A  dansylated  derivative  of  TSH  has  been  made  and  used  to  probe 
hormone-receptor  interactions.   These  studies  have  confirmed  and  further 
defined  the  conformational  change  imposed  on  TSH  by  the  receptor  and  its 
oligosaccharide  determinant.   They  have  defined  another  role  of  the  gang- 
lioside, notably  its  ability  to  facilitate  the  hormonal  penetration  of  the 
hydrophobic  lipid  bilayer. 

(2)  A  fragment  of  the  glycoprotein  component  of  the  TSH  receptor  has 
been  purified  and  characterized.   An  antibody  has  been  made  to  the  fragment. 

(3)  Phospholipid  modulation  of  receptor  function  and  expression  has  been 
defined.   Acidic  phospholipids,  particularly  phosphatidyl  inositol,  prevent 
incorporation  and  decrease  expression  of  the  glycoprotein  but  not  the  gang- 
lioside component  of  the  receptor.   Direct  acidic  phospholipid  interactions 
with  TSH  have  been  related  to  potential  coupling  with  the  adenylate  cyclase 
system.   The  fatty  acid  of  phosphatidyl  choline,  the  major  structural  compo- 
nent of  the  lipid  bilayer,  has  been  shown  to  modulate  TSH  receptor  expression 
different  from  tetanus  toxin  receptor  expression  (see  below). 

(4)  An  inhibitor  of  receptor  expression  has  been  defined  on  the  thyroid 
plasma  membrane.   Its  release  from  the  membrane  and  a  possible  relationship 
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with  the  calcium-regulating  protein  of  the  membrane  or  troponin  C  have  been 
defined.   These  data  suggest  a  linkage  of  receptor  expression  to  the  regula- 
tion of  either  the  cyclase  system  or  the  musculoskeletal  system  of  the  cell. 

(5)  Early  events  in  the  TSH  alteration  of  the  transmembrane  electrochem- 
ical gradient  have  been  shown  to  be  hyperpolarization  and  calcium  release 
from  the  membrane. 

(6)  An  uncoupled  state  of  the  receptor-cyclase  relationship  has  been 
defined  in  nonfunctioning  thyroid  cells.   This  uncoupled  state  predicts  an 
intermediate  event  between  the  TSH-receptor  interaction  and  the  cyclase 
stimulation  by  the  hormone.   The  coupling  of  the  TSH-receptor  interaction  to 
iodide  uptake  and  thyroglobulin  biosynthesis  has  been  further  explored  in 
thyroid  cell  cultures. 

The  Tetanus  Toxin  Receptor  Further  Defined.   Tetanus  toxin  has  been  shown  to 
interact  with  thyroid  plasma  membranes.   More  important,  the  properties  of 
this  interaction  closely  resemble  the  properties  of  the  TSH  interaction  with 
TSH  receptors  on  these  membranes;   the  interaction  of  tetanus  toxin  with 
thyroid  membranes  exhibit  several  characteristics  of  its  interaction  with 
neural  tissue;   tetanus  toxin  does  not  bind  to  membranes  of  a  thyroid  tumor 
with  a  TSH  receptor  defect;   and  tetanus  toxin  stimulates  thyroid  hyperf unc- 
tion in  mice  subjected  to  conditions  known  to  precipitate  thyroid  storm. 
These  results  predicted  the  tetanus  receptor  would  be  similarly  structured 
to  the  TSH  receptor  and  that  tetanus  toxin  and  TSH  might  have  common  func- 
tional elements  in  message  transmission.   This  hypothesis  has  been  extended. 

(1)  Tetanus  toxin  has  been  shown  to  interact  with  the  glycoprotein  compo- 
nent of  the  TSH  receptor.   Lipid  modulation  of  toxin  versus  hormonal  expression 
of  the  receptor  activity  has  been  demonstrated. 

(2)  The  tetanus  toxin  receptor  on  neural  membranes  has  been  defined. 
TSH  has  been  shown  to  interact  with  this  tetanus  receptor.   A  difference 
between  the  tetanus  and  TSH  interaction  has  been  demonstrated:   the  former 
exhibits  positive  cooperativity  and  the  latter,  negative  cooperativity. 

(3)  The  C  fragment  of  tetanus  toxin  has  been  shown  to  carry  the  determi- 
nants for  receptor  binding.   Receptor-induced  conformational  changes  in  the 
toxin  and  the  subunits  have  been  shown. 

(4)  A  synaptosome  system  has  been  defined  to  study  tetanus  toxin  effects 
on  electrochemical  ion  gradients  in  vitro.   Tetanus  has  been  shown  to  hyper- 
polarize  the  membranes  of  these  synaptosomes ;   this  effect  is  blocked  by  anti- 
toxin.  This  is  the  first  time  an  in  vitro  effect  of  tetanus  toxin  has  been 
defined  and  described. 

(5)  Sequence  relationships  between  TSH,  cholera  toxin,  and  long  chain 
neurotoxins  have  been  defined.  These  neurotoxins  are  functionally  similar 
to  tetanus  toxin. 
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The  Structure  and  Function  of  the  Cholera  Toxin  Receptor  Has  Been  Further 
Defined. 

(1)  A  glycoprotein  capable  of  specific  cholera  toxin  binding  has  been 
isolated  from  human  KB-3  cell  and  bovine  thyroid  membranes.   In  both  cases 
this  component  also  interacts  with  TSH.   The  cholera  toxin-glycoprotein  inter- 
action is  reversible;   the  Gj^i-cholera  toxin  interaction  is  irreversible  in 
liposome  studies.   It  is  thus  postulated  that  cholera  toxin  also  has  a  glyco- 
protein receptor  component. 

(2)  Cholera  toxin  has  been  shown  to  alter  the  transmembrane  electrical 
potential  of  vesicle  preparations  from  adrenal  cells. 

The  Structure  and  Function  of  the  Interferon  Receptor  Has  Been  Further 
Defined. 

(1)  The  glycoprotein  fragment  of  the  interferon  receptor  has  been  solu- 
bilized  from  mouse  Ly  and  human  KB-3  cells  and  has  been  reconstituted  in 
liposomes. 

(2)  Tryptic  fragments  of  this  glycoprotein  receptor  component  have  been 
isolated  from  mouse  Ly  cell  membranes.   Two  such  fragments  can  enhance  inter- 
feron bioactivity  in  vivo  10-  to  100-fold.   Analogous  fragments  from  the 
human  KB-3  cell  glycoprotein  receptor  component  are  not  active  in  this  last 
respect.   The  absence  of  activity  is  correlated  with  a  2-fold  lower  binding 
of  labeled  receptor  fragment  to  the  cells  by  comparison  to  the  mouse  Ly 
fragments. 

(3)  Interferon  alterations  of  electrochemical  ion  gradients  across  the 
membranes  of  mouse  Ly  vesicle  preparations  have  been  further  defined.   Inter- 
feron causes  the  following:   hyperpolarization;   Ca^"*"  release  from  the  inter- 
nal membrane  surface;   proton  extrusion  from  the  interior  of  the  vesicle; 
altered  sodium  uptake;   and  increased  sodium-dependent  glycine  transport. 
Several  of  the  effects  are  specific,  i.e.,  they  are  not  mimicked  by  TSH  or 
cholera  toxin  in  mouse  Ly  vesicles  nor  by  interferon  in  human  KB-3  vesicles. 

The  Receptor  Relationships  Above  Have  Been  Related  to  Disease  Processes. 

(1)  Abnormal  ganglioside  patterns  and  adenylate  cyclase  activities  have 
been  shown  in  the  thyroids  of  patients  with  Graves'  disease. 

(2)  The  microsomal  antigen  preparations  used  to  define  autoimmunity  in 
patients  with  Graves'  disease  have  been  shown  to  contain  gangliosides . 


sera. 


(3)  A  soluble  TSH  binding  component  has  been  defined  in  normal  human     ^^v 


(4)  Interferon  has  been  shown  to  stimulate  thyroid  adenylate  cyclase 
activity.   The  relationship  of  this  phenomenon  to  viral- induced  exacerbations 
of  Graves'  disease  has  been  questioned. 
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A  Thyroglobulin  Receptor  Has  Been  Defined.   Thyroglobulin  has  been  shown  to 
interact  with  a  thyroid  membrane  receptor  analogous  to  the  Ashwell  glycopro- 
tein receptor  on  liver  membranes.   Receptor  interaction  requires  preprocessing 
by  an  endogenous  membrane  neuraminidase.   The  importance  of  this  receptor  to 
thyroglobulin  biosynthesis  and  degradation  has  been  questioned. 

Studies  Concerning  Centrifugation.   As  a  cooperating  unit,  centrifugation 
studies  were  performed  for  this  and  other  Institutes  (Paul  Torrence,  Herbert 
Tabor,  Celia  W.  Tabor,  Jules  A.  Gladner,  George  Martin,  etc.). 

Significance  to  Biomedical  Research  and  the  Progress  of  the  Institute: 

The  details  of  the  schema  outlined  in  the  summary  have  implications  to  the 
pathophysiology  of  Graves'  disease  and  the  mechanism  of  action  of  cholera 
and  tetanus  toxin.   In  regard  to  medicinal  chemistry,  these  relationships 
clearly  imply  caution.   Yet  it  is  hoped  they  will  hold  new  opportunities  to 
the  development  of  peptide  and  carbohydrate  analogs  which  will  either  block 
the  action  of  cell  membrane  effectors  which  can  cause  a  disease  (cholera  or 
tetanus  toxin)  or  mimic  the  action  of  effectors  regulating  body  functions 
(glycoprotein  hormones)  and  blocking  viral  infestation  of  the  cell  (inter- 
feron) .   The  development  of  agents  to  enhance  or  mimic  interferon  activity 
has  been  initiated;   this  may  be  important  to  preventing  or  reversing  auto- 
immune diseases  and  the  oncogenic  state.   TSH  re;^ulation  of  thyroid  hormone 
production  in  disease  states  can  be  studied. 

Proposed  Course: 

Studies  of  the  TSH-EPF  relationship  will  be  continued  in  an  attempt  to  examine 
the  mechanism  by  which  EPF  activity  is  generated  in  humans  ±u   vivo.   The  pro- 
posed diagnostic  mechanism  for  human  exophthalmos  will  be  further  tested  as 
will  the  therapeutic  program.   The  structure  of  glycoprotein  hormone  receptors 
and  the  mechanism  of  action  of  glycoprotein  hormones  will  be  further  clari- 
fied.  The  mechanism  of  procollagen  peptidase  formation  and  control  will  be 
related  to  normal  and  disease  states.   The  biosynthesis  of  type  I  procollagen 
and  type  III  procollagen  will  be  studied.   The  enzymatic  mechanism  of  active 
transport  in  bacteria  will  be  further  defined,  and  studies  on  thyroid  cell 
transport  will  be  continued.   The  mechanism  of  interferon  interaction  with 
cell  membranes  will  be  further  defined  as  will  the  relationship  of  the  glyco- 
protein hormones  to  the  following  bacterial  toxins:   cholera  toxin,  botulinus 
toxin,  tetanus  toxin,  and  various  enterotoxins  produced  by  gram-negative 
bacteria.   The  relationships  and  implications  to  Graves'  disease,  exophthal- 
mos, thyroid  storm,  tetanus,  cholera,  botulism,  etc.,  will  be  pursued. 
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SUMMARY    OF    WORK    (200    viords    or    less   -    underline    keywords) 

The  properties  and  structure  of  the  outer  membrane  of  Escherichia  coli  are  being 
studied.   Mutants  altered  in  antibiotic  sensitivity  have  been  isolated.   Mutants 
that  map  in  two  loci  have  been  found  to  be  altered  in  lipopolysaccharide  (LPS) 
and  not  protein  and  lipid.   Other  strains  have  been  grown  under  conditions  where 
their  outer  membrane  contained  a  mixture  of  LPS  of  different  composition.   Such 
membranes  were  found  to  contain  domains  of  one  or  the  other  composition  and  not 
mixtures. 

To  study  phagocytosis  in  the  macrophage,  surface  proteins  have  been  labeled,  and 
the  cells  allowed  to  phagocytose  derivatized  or  unsubstituted  latex  beads.   The 
labeled  proteins  present  in  the  phagocytic  membrane  have  been  compared  to  the 
total  labeled  proteins,  and  differences  have  been  analyzed. 

Adhesion  in  the  macrophage  differs  from  adhesion  in  other  cells,  since  macrophage]s 
cannot  be  removed  from  surfaces  by  trypsin  or  chelators.   Mutants  altered  in  ad- 
hesion are  therefore  being  selected  from  macrophage  lines  for  further  studies. 
Other  mutants  are  being  selected  for  alterations  in  macromolecular  synthesis  to 
see  how  this  affects  phagocytosis  or  adhesion. 
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Project  Description:  I 

I.  Structure,  Assembly,  and  Function  of  the  Escherichia  coli  Outer  Membrane. 
The  outer  membrane,  the  outermost  layer  of  the  gram-negative  cell,  is  known 
to  be  responsible  for  the  greater  antibiotic  insensitivity  of  these  organisms 
compared  to  gram-positive  cells.   Mutants  containing  defined  mutations  causing 
increased  antibiotic  sensitivity  can  serve  to  define  these  changes.   We  have 
isolated  and  mapped  two  loci  in  ^  coli,  nbsA  and  nbsB,  at  10  minutes  and  80  § 
minutes  of  the  chromosome,  respectively,  that  confer  increased  sensitivity  to 
novobiocin,  as  well  as  to  other  drugs  and  inhibitors.   The  changes  appear  to 
be  solely  in  the  lipopolysaccharide  moiety  of  the  outer  membrane,  consisting 

of  the  loss  of  distal  sugars  in  the  molecule  and,  in  both  nbsA  and  nbsB 
mutants,  the  possible  substitution  of  L-glycerol-D-mannoheptose  by  a  related 
molecule  (i.e.,  D-glycerol-D-mannoheptose) .   Little  or  no  changes  in  protein 
or  lipid  occur  in  the  nbsA  mutant.   This  is  the  first  time  that  such  anti- 
biotic sensitivity  has  been  traced  to  a  change  in  a  single  outer  membrane 
macromolecule,  as  previous  isolates  of  antibiotic-sensitive  mutants  had 
pleiotrophic  changes  resulting  in  loss  of  protein  as  well  as  alteration  in 
lipopolysaccharide . 

II.  Membrane  Molecules  and  Phagocytosis  in  Macrophages.  There  are  conflicting 
data  in  the  literature  as  to  whether  the  proteins  internalized  during  phago- 
cytosis are  representative  of  the  entire  membrane  or  whether  they  are  not. 

We  have  labeled  macrophage  membranes  by  lactoperoxidase-catalyzed  iodination 
and  allowed  phagocytosis  of  latex  particles,  either  underivatized  or  substi- 
tuted with  molecules  for  which  the  macrophage  has  receptors.   Preliminary 
evidence  suggests  that  under  some  conditions  the  iodinated  proteins  that  are 
internalized  may  not  be  representative  of  all  the  iodinated  proteins. 

III.  Selection  of  Macrophage  Cell  Lines,  Mutants,  and  Membrane  Properties. 
Adhesion  in  the  macrophage  differs  from  adhesion  in  other  cells,  since  macro- 
phages cannot  be  removed  from  surfaces  by  trypsin  or  chelators.   Mutants 
altered  in  adhesion  are  therefore  being  selected  from  macrophage  lines  for 
further  studies.   Other  mutants  are  being  selected  for  alterations  in  macro- 
molecular  synthesis  to  see  how  this  affects  phagocytosis  or  adhesion.   We 
have  succeeded  in  selecting  lines  resistant  to  2-deoxyglucose  which  are  less 
adherent  and  may  be  altered  in  some  aspects  of  phagocytosis  as  well.   Their 
properties  are  being  studied  further. 

Publications : 

Bayer,  M.  E. ,  and  Leive,  L. :   Effect  of  ethylenediaminetetraacetate  upon  the 
surface  of  Escherichia  coli.   J.  Bacteriol.  130:  1364-1381,  1977. 

Leive,  L. :   Domains  involving  nonrandom  distribution  of  lipopolysaccharide  in 
the  outer  membrane  of  Escherichia  coli.   Proc.  Natl.  Acad.  Sci.  U.S.A.  74: 
5065-5068,  1977. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Previous  studies  from  this  laboratory  have  shown  a  defect  in  cellular  immunity 
of  burned  mice  with  a  decreased  in  vitro  cytotoxicity  of  lymphocytes.   Investi- 
gations into  the  mechanism  of  this  phenomenon  indicate  a  defect  in  the  induction 
of  immunity  of  spleen  T^  cells. 

Other  experiments  were  performed  to  study  the  host  defense  mechanism  of  burned 
animals ,  which  depends  upon  the  migration  of  lymphocytes  and  macrophages  to  the 
burned  area  in  order  to  aid  in  the  process  of  phagocytosis  of  foreign  antigens, 
especially  bacteria.   Our  results  indicate  that  migration  of  macrophages  and 
lymphocytes  is  significantly  decreased  after  burn  trauma .   This  effect  is  not 


due  to  abnormal  production  of  lymphokines  that  influence  migration,  since 
macrophage  and  lymphocyte  inhibition  factor  production  was  normal  in  lymphocytes 
from  burned  mice. 

In  addition,  previous  experiments  showed  a  decrease  of  extravascular  fluid  move- 
ment in  mice  with  age.   Studies  were  made  of  the  effect  of  varying  concentrations 


of  NaCl  administered  in  the  diet  on  the  effects  upon  fluid  movement  and,  in  the 
long  run,  upon  longevity  of  mice. 
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Project  Description 

Objectives: 

Our  objectives  are  as  follows:   (1)  to  study  the  function  of  lymphocytes  and 
macrophages  in  traumatic  shock  of  mice;   (2)  to  elucidate  the  mechanism  of 
the  defect  in  cellular  immunity  after  burn  injury;   (3)  to  discover  the  mecha- 
nism of  action  of  protective  drugs  in  traumatic  shock;   and  (4)  to  investigate 
the  effect  of  salt  in  the  diet  on  extravascular  fluid  movement  and  on  longev- 
ity of  mice. 

Methods  Employed : 

(1)  and  (2) .   Mice  were  given  a  moderately  severe  burn  of  2/3  body  surface 
area  in  water  at  70°  for  7  seconds  and  treated  subcutaneously  with  15%  of  body 
weight  of  0.85%  NaCl.   Splenic  T  cells  from  BALB/c  (H-2'i)  mice  separated  on  a 
nylon  wool  column  were  used  as  responding  cells  in  the  one-way  mixed  lymphocyte 
culture.   Stimulating  C57BL  (H-2'')  splenic  lymphocytes  were  irradiated  with 
2,000  rads.   A  mixture  of  responding  and  stimulating  cells  at  a  ratio  of  4  :  1 
was  incubated  at  37°  with  5%  CO2  for  5-6  days.   The  cells  were  harvested,  and 
viable  cells  were  counted  using  trypan  blue  exclusion.   Then  1-ml  of  sensitized 
cells  (2  X  106)  was  added  to  1  ml  of  ^Icr-labeled  target  cells  (5  x  105)  and 
incubated  for  4  hours  at  37°.   Cytotoxicity  was  measured  by  the  amount  of  51cr 
released  from  target  cells  into  the  supernatant. 

(1)   Migration  experiments .   Macrophages  were  collected  from  the  peritoneal 
cavities  of  BALB/c  mice.   To  activate  macrophages,  0.3  ml  Freund's  complete 
adjuvant  was  injected  intraperitoneally.   Peritoneal  macrophages  were  harvested 
4  days  later.   After  3  washes,  cells  were  suspended  at  a  concentration  of  1  x 
10°  cells/ml  in  Dulbecco's  medium.   Spleen  lymphocytes  were  harvested  and  made 
up  to  the  same  concentration  in  Dulbecco's  medium.   Microcapillary  tubes  were 
3/4  filled  with  the  desired  cell  suspension  (single  type  cell  or  mixture  of 
cells),  and  the  empty  end  sealed  with  a  flame.   The  tubes  were  centrifuged  and 
cut  at  the  cell-fluid  interface.   These  tubes  were  stuck  to  the  side  of  the 
well  of  multiwell  tissue  culture  plates  (Linbro  Scientific,  Inc.).   At  least 
12  wells  for  each  migration  assay  were  used.   One  ml  of  Dulbecco's  medium  was 
added  to  each  well,  and  the  plates  were  incubated  at  37°  in  5%  CO2  for  18 
hours.   Afterwards  the  patterns  were  fixed  with  glutaraldehyde.   The  area  of 
migration  was  measured  by  projecting  the  microscopic  image  on  a  standardized 
bond  paper,  and  migration  fans  were  traced,  cut  out,  and  weighed. 

To  test  for  the  production  of  lymphokines  affecting  migration,  BALB/c  mice 
were  sensitized  with  3  x  10^  EL-4  tumor  cells. 

(4)   Swelling  of  the  mouse  tail  was  measured  on  application  of  a  mild  vacuum 
to  an  inbred  strain  of  mice  (AIJ) .   Diets  were  prepared  containing  0.5%  to  4% 
NaCl. 

Major  Findings: 

(1)  and  (2).   Splenic  T  cells  collected  on  the  2nd,  3rd,  and  4th  days  postburn 
showed  a  significantly  decreased  cytotoxicity  in  the  mixed  lymphocyte  culture 
reaction.   This  finding  indicates  that  the  decreased  cytotoxicity  of  lymphocytes 
is  a  result  of  a  defect  in  the  induction  of  sensitization  to  a  foreign  antigen. 
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(1)   Migration  of  macrophages  and  lymphocytes  is  significantly  decreased  after 
burn  trauma.   This  effect  is  not  due  to  abnormal  production  of  lymphokines 
that  influence  migration,  since  macrophage  and  lymphocyte  inhibition  factor 
production  was  normal  in  lymphocytes  from  burned  mice. 

(4)   This  is  a  long-term  study,  and  results  will  be  forthcoming. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

These  studies  aid  in  the  understanding  of  the  mechanism  of  impaired  cellular 
immunity  after  trauma  and  of  the  influence  of  expansion  of  the  extracellular 
fluid  on  the  microcirculation  and  longevity. 

Proposed  Course : 

(1)  To  investigate  the  cause  (?  serum  factor  or  suppressor  cell)  of  the  impair- 
ment of  induction  of  cytotoxicity  of  lymphocytes  of  burned  mice;   (2)  to  study 
the  effect  of  increasing  the  ambient  temperature  on  the  role  of  catecholamines 
upon  mortality  and  metabolic  rate  of  burned  mice;   and  (3)  to  determine  the 
effect  of  expansion  of  the  extracellular  fluid  volume  on  the  microcirculation 
and  longevity. 

Publications : 

Markley,  K. ,  and  Smallman,  E.  T.:   Effect  of  thermal  trauma  on  numbers  and 
function  of  T  and  B  cells  from  mouse  spleen.   Int.  Arch.  Allergy  Appl. 
Immunol.  54:  238-246,  1977. 

Rosenthal,  S.  M. :   Physiological  changes  with  age  in  the  microcirculation  and 
lymphatics.   In  Masoro,  E.  J.  (Ed.):   CRC  Handbook  of  Physiological  Changes 
with  Age.   Cleveland,  Ohio,  The  Chemical  Rubber  Co.,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Studies  of  the  tryptophan  synthase  a2S2  complex  serve  as  a  model  for  studies  of 
more  complicated  multienzyme  complexes.   The  identification  of  active  site  resi- 
dues in  the  62  subunit  has  been  accomplished  by  use  of  specific  chemical  modi- 
fication.  A  new  affinity  label,  bromoacetylpyridoxamine  phosphate,  has  been 


synthesized  and  shown  to  react  with  a  specific  sulfhydryl  residue  which  has  also 
been  shown  to  be  essential  for  catalytic  activity  by  studies  with  nitrothiocyano- 
benzoic  acid.   The  location  of  3  specifically  labeled  active  site  residues  in 


the  82  chain  is  being  accomplished  by  the  isolation  of  protein  fragments  and  pe 
tides.   The  arrangement  of  the  subunits  in  the  02^2  complex  has  been  probed  by 
studies  of  limited  proteolysis  by  trypsin.   Subunit  association  inhibits  two 
types  of  proteolysis  which  occur  with  the  separate  a  and  62  subunits  but  does 
allow  the  a  subunit  to  be  cleaved  at  one  region  without  loss  of  activity.   The 
active  "nicked"  a  subunit  has  been  isolated,  denatured,  resolved  into  2  inactive 
fragments,  and  reconstituted.   This  system  is  potentially  useful  for  studying 
folding  of  the  a  subunit  and  structure- function  relationships. 
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Project  Description: 

Objectives: 

Studies  of  the  tryptophan  synthase  a2B2  complex  of  Escherichia  coli  are 
directed  at  elucidating  how  the  ct  and  S2  subunits  are  regulated  when  they 
associate  to  form  an  a2  32  complex.   The  work  is  designed  to  serve  as  a  simple 
model  to  facilitate  studies  of  the  regulation  of  more  complicated  multienzyme 
complexes  in  higher  organisms.   Studies  of  tryptophan  synthase  take  advantage 
of  the  fact  that  the  cof actor  of  the  62  subunit,  pyridoxal  5 '-phosphate, 
serves  as  an  optical  probe  of  the  active  site;   this  cof actor  forms  inter- 
mediate complexes  with  substrates  and  inhibitors  which  can  be  followed  by 
optical  methods.   Experiments  are  designed  to  study  the  mechanism  of  the 
pyridoxal  5 '-phosphate  catalyzed  reactions  of  the  S2  subunit  and  the  effects 
of  the  a  subunit  on  these  reactions.   Studies  are  also  aimed  at  determining 
the  essential  catalytic  residues  in  the  active  site  region  of  the  62  subunit 
and  determining  how  the  environment  of  these  residues  is  changed  by  inter- 
action with  the  a  subunit.   The  results  of  these  several  approaches  should 
give  a  picture  of  the  combined  active  site  and  of  the  subunit  interaction 
site  in  the  a2  62  complex. 

Methods  Employed: 

Crystalline  -j.   and  82  subunits  and  a2P2  complex  of  tryptophan  synthase  are  pre- 
pared and  assayed  by  methods  previously  developed  in  this  laboratory.   Absor- 
bance  spectra  and  difference  absorbance  spectra  are  made  with  a  Gary  118 
spectrophotometer.   Circular  dichroism  spectra  and  fluorescence  spectra  are 
also  made.   Subunit  association  studies  are  made  using  gel  filtration.   Chemi- 
cal modification  studies  are  carried  out  using  N-ethylmaleimide,  5,5'-dithio- 
bis-(2-nitrobenzoic  acid),  2-nitro-5-thiocyanobenzoic  acid,  iodoacetic  acid, 
and  the  substrate  analog  L-2-amino-4-methoxy-trans-3-butenoic  acid.   Affinity 
labeling  is  carried  out  using  4-bromoacetylpyridoxamine  5 '-phosphate,  which 
has  been  synthesized  in  our  laboratory.   Modified  enzymes  are  examined  for 
their  ability  to  combine  with  pyridoxal  5 '-phosphate  or  with  a  subunit  and 
for  their  ability  to  carry  out  partial  reactions.   Modified  amino  acid  resi- 
dues and  peptides  are  identified  by  labeling  with  radioactive  compounds  and 
by  techniques  of  proteolytic  digestions,  peptide  mapping,  ion  exchange  chro- 
matography, electrophoresis,  gel  filtration,  disc  gel  electrophoresis,  thin- 
layer  chromatography,  nuclear  magnetic  resonance,  mass  spectrometry,  infrared 
spectrometry,  amino  acid  analysis,  and  protein  sequencing.   Limited  tryptic 
hydrolysis  and  isolation  of  protein  fragments  are  also  carried  out. 

Major  Findings: 

We  have  synthesized  bromoacetylpyridoxamine  phosphate  and  have  shown  that  it 
is  an  affinity  reagent  for  the  62  subunit  of  tryptophan  synthase  (3).   That 
is,  it  binds  reversibly  at  the  pyridoxal  phosphate  binding  site  and  reacts 
stoichiometrically  and  covalently  with  a  sulfhydryl  residue.   This  active  site 
sulfhydryl  residue  (SH-I)  has  been  shown  to  be  the  same  residue  which  reacts 
specifically  and  reversibly  in  the  absence  of  pyridoxal  phosphate  with  nitro- 
thiocyanobenzoic  acid  (4) .   These  studies  have  demonstrated  that  SH-I  is 
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essential  for  catalytic  activity  and  different  from  a  second  active  site 
sulfhydryl  residue  (SH-II)  which  is  not  essential  for  catalytic  activity. 
The  results  of  partial  tryptic  digestions  of  S2  subunit  labeled  selectively 
at  SH-I  or  SH-II  show  that  both  sulfhydryl  residues  are  located  in  the  F]^ 
fragment  which  also  contains  the  pyridoxal  phosphate  binding  site  (4). 

We  plan  to  determine  the  relative  locations  of  SH-I,  SH-II,  and  the  e-amino 
group  of  lysine  which  binds  pyridoxal  phosphate  by  isolating  and  sequencing 
peptides  which  contain  one  or  more  of  these  residues.  A  39-residue  tryptic 
peptide  containing  SH-I  labeled  with  bromo  [-'-'^Clacetylpyridoxamine  phosphate 
has  been  isolated  (3).  A  cyanogen  bromide  peptide  containing  SH-I  labeled 
with  [1"*C] iodoacetate  and  the  essential  lysyl  residue  labeled  by  [3H]NaBH4 
reduction  of  the  pyridoxal  phosphate  Schiff  base  has  also  been  isolated. 

The  substrate  binding  site  of  the  B2  subunit  has  also  been  probed  by  the  use 
of  substrate  analogs  which  are  converted  by  the  enzyme  into  a  reactive  form 
which  can  react  with  a  nucleophilic  group  in  the  binding  site  (7,  8).   Such 
inhibitors  have  been  termed  "suicide"  inhibitors  or  "K-cat"  inhibitors.   L-2- 
Amino-4-methoxy-trans-3-butenoic  acid  reacts  in  this  way  with  the  32  subunit. 
A  chromophore  with  intense  absorbance  and  ellipticity  is  generated  simulta- 
neously with  inactivation  and  results  from  the  incorporation  of  one  mole  of  a 
derivative  of  [^H] pyridoxal  phosphate  per  monomer.   A  similar  chromophoric 
derivative  has  also  been  prepared  from  pyridoxal  phosphate  and  L-2-amlno- 
4-methoxy-trans-3-butenoic  acid  in  a  model  system.   The  chemical  nature  of 
the  chromophores  is  under  investigation  and  should  lead  to  iv  entif ication  of 
a  group  in  the  substrate  binding  site. 

The  arrangement  of  the  subunits  in  the  0262  complex  has  been  probed  by  studies 
of  limited  proteolysis  by  trypsin  (5,  6).   Whereas  the  separate  a  and  S2  sub- 
units  are  inactivated  by  limited  proteolysis,  association  of  these  subunits 
into  an  0282  complex  inhibits  inactivation.   Thus  the  sites  of  cleavage  which 
lead  to  inactivation  are  unavailable  in  the  complex;   they  may  be  "buried"  in 
a  subunit  interaction  site  or  may  be  in  an  altered  environment  due  to  a  con- 
formational change.   The  primary  site  of  cleavage  of  the  a  subunit  does  occur 
in  both  the  separate  ct  subunit  and  in  the  :a2  62  complex  but  does  not  result  in 
inactivation.   Limited  trypsin  treatment  yields  a  "nicked"  0262  complex, 
termed  a'262-   The  active  "nicked"  ct  subunit,  termed  a',  has  been  Isolated, 
denatured,  and  resolved  into  two  inactive  fragments.   Mixing  of  the  two  frag- 
ments restores  activity;   since  the  activity  of  the  tryptophan  synthase  com- 
plex is  measured  in  this  assay  after  addition  of  62  subunit,  the  demonstration 
of  activity  shows  that  the  0*262  complex  has  been  reconstituted.   This  new 
system  should  allow  us  to  study  folding  of  the  ~j.   subunit  and  relate  function 
of  a  to  the  structure  of  its  component  fragments. 

Much  of  the  past  and  present  work  in  the  laboratory  has  been  reviewed  in  a 
review  chapter  (7)  and  in  an  invited  contribution  to  a  symposium  (8). 

Publications : 

(1)  Miles,  E.  W. :   Modification  of  histidyl  residues  in  proteins  by  diethyl- 
pyrocarbonate.   In  Hirs,  C.  H.  W. ,  and  Timasheff,  S.  N.  (Eds.):   Methods  in 
Enzymology,  Enzyme  Structure.   New  York,  Academic  Press,  1977,  Vol.  47, 
Part  E,  pp.  431-442. 
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(2)  Miles,  E.  W. ,  and  Moriguchi,  M. :   Tryptophan  synthase  of  Escherichia 
coli:   removal  of  pyridoxal  5 '-phosphate  and  separation  of  the  ct  and  S2 
subunits.   J.  Biol.  Chem.  252:  6594-6599,  1977. 

(3)  Higgins,  W. ,  and  Miles,  E,  W. :   Affinity  labeling  of  the  pyridoxal  phos- 
phate binding  site  of  the  02  subunit  of  Escherichia  coli  tryptophan  synthase. 
J.  Biol.  Chem.  253:  4648-4652,  1978. 

(4)  Higgins,  W. ,  and  Miles,  E.  W. :   Studies  of  the  function  and  location  of 
two  cysteines  in  the  82  subunit  of  tryptophan  synthase.   Biochem.  Biophys. 
Res.  Commun.  82:  265-272,  1978. 

(5)  Miles,  E.  W. ,  and  Higgins,  W. :   An  active  a'262  derivative  of  tryptophan 
synthase  formed  by  limited  proteolysis.   J.  Biol.  Chem.  253,  in  press. 

(6)  Miles,  E.  W. ,  and  Higgins,  W. :   Use  of  limited  proteolysis  to  probe  sub- 
unit  interaction  In  the  tryptophan  synthase  0262  complex.   In  Proceedings 

of  the  Fogarty  International  Conference  on  Limited  Proteolysis  in  Micro- 
organisms:  Biological  Function,  Use  in  Protein  Structural  and  Functional 
Studies,  April  17-19,  1978,  Bethesda,  Maryland,  Fogarty  International  Center, 
in  press. 

(7)  Miles,  E.  W. :   Tryptophan  synthase:   structure,  function,  and  subunit 
Interaction.   In  Meister,  A.  (Ed.):   Advances  in  Enzymology  and  Related 
Areas  of  Molecular  Biology.   New  York,  John  Wiley  &  Sons,  In  press. 

(8)  Miles,  E.  W. :   Inactlvation  of  tryptophan  synthase  by  a-cyanoglycine  and 
L-2-amlno-4-methoxy-trans-3-butenoic  acid.   In  Proceedings  of  the  Inter- 
national Symposium  on  Substrate-Induced  Irreversible  Inhibition  of  Enzymes, 
Strasbourg,  France,  July  24  and  25,  1978.   Amsterdam,  The  Netherlands, 
Elsevier  Scientific  Publishing  Co.,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Replication  of  14  DNA  in  vivo  requires  several  proteins  encoded  by  the  phage  DNA 
including  the  gene  43  DNA  polymerase,  the  gene  32  DNA  unwinding  protein,  the 
gene  44  and  62  DNA-dependent  ATPase,  the  gene  45  protein,  and  the  gene  41 
single-stranded  DNA-requiring  nucleotidase.   We  have  purified  these  proteins  and 
have  shown  that  they  stimulate  DNA  synthesis  in  vitro  with  the  T4  DNA  polymerase 
with  nicked  duplex  templates.   We  find  that  initiation  of  new  chains  on  single- 
stranded  templates  requires  an  additional  factor  which  is  not  present  after 
infection  with  T4  mutants  in  gene  61  (DNA-delay  phenotype) .   This  initiation 
occurs  on  many  single-stranded  DNA's  and  requires  ribonucleotide  triphosphates. 
We  are  presently  studying  the  mechanisms  by  which  chains  are  initiated  with 
circular  single-stranded  templates  with  these  proteins,  as  well  as  the  mecha- 
nisms by  which  they  accelerate  the  elongation  of  the  primer  and  unwind  duplex 
templates. 


^ 
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PHS-6040 
(Rev.  10-76) 


Project  Description: 

Objectives : 

To  determine  the  characteristics  and  functions  of  enzymes  which  are  involved 
in  the  synthesis,  modification,  and  degradation  of  DNA. 

Major  Findings  and  Proposed  Course: 

We  are  using  Escherichia  coli  infected  with  T4  bacteriophage  as  a  system  in 
which  to  identify  and  characterize  the  reactions  catalyzed  by  enzymes 
required  for  DNA  replication,  since  this  phage  appears  to  induce  the  syn- 
thesis of  the  enzymes  required  for  its  own  DNA  synthesis,  rather  than 
depending  on  host  proteins.   Phage  with  mutations  in  genes  coding  for  many 
of  these  enzymes  are  available  due  to  the  work  of  Edgar,  Epstein,  and  their 
collaborators,  and  phage-inf ected  bacteria  can  be  grown  in  quantities 
allowing  purification  of  sufficient  enzyme  for  biochemical  and  physical 
studies.   The  work  has  been  facilitated  by  a  regulatory  phage  mutant  charac- 
terized by  Wiberg  which  produces  high  levels  of  several  of  these  enzymes. 

Reactions  Catalyzed  by  the  T4  Replication  Proteins.   Genetic  studies  by 
Edgar  and  Epstein  et  al .  have  shown  that  the  proteins  encoded  by  the  phage 
genes  32,  41,  43,  44,  45,  and  62  are  required  for  DNA  synthesis.   Many 
other  phage  proteins  are  required  for  the  synthesis  of  DNA  precursors  or 
are  involved  in  controlling  the  time  or  extent  of  viral  DNA  synthesis.   We 
have  previously  developed  procedures  for  the  purification  of  the  gene  32 
DNA  unwinding  protein;   the  gene  43  DNA  polymerase  which  also  has  3'  to  5' 
exonuclease  activity;   the  complex  of  the  gene  44  and  gene  62  proteins, 
which  is  a  DNA-dependent  ATPase  (and  dATPase);   the  gene  41  protein,  a 
single-stranded  DNA-requiring  nucleotidase  which  hydrolyzes  rGTP  and  rATP 
at  similar  rates  and  dGTP  and  dATP  at  about  half  this  rate;   and  the  gene 
45  protein  which  stimulates  the  ATPase  activity  of  the  44-62  protein. 
DNA  synthesis  in  vitro  beginning  at  a  nick  in  duplex  DNA  requires  the  32, 
43,  44/62,  and  45  proteins  and  is  stimulated  under  some  conditions  by  the 
41  protein.   This  synthesis  requires  rATP  or  a  high  concentration  of  dATP  and 
under  optimal  conditions  leads  to  product  in  excess  of  DNA  used  as  template. 

Initiation  of  DNA  Chains.   During  the  past  year  we  have  been  studying  the 
initiation  of  new  chains,  using  circular  single-stranded  DNA's  as  templates. 
DNA  synthesis  with  these  templates  requires  T4  DNA  polymerase  and  the 
44/62,  45,  and  41  proteins,  as  well  as  an  additional  factor,  first  identi- 
fied in  some  preparations  of  32  protein  by  Alberts  and  his  collaborators. 
We  have  developed  an  assay  for  this  initiating  activity  based  on  the  copy- 
ing of  (j)xl74  DNA  in  the  presence  of  ribo-  and  deoxynucleotide  triphosphates, 
rifampicin  (to  inhibit  RNA  polymerase),  and  saturating  levels  of  the  T4 
proteins  required  for  the  strand  displacement  reaction,  and  have  extensively 
purified  the  initiating  activity  from  T4-infected  E.  coli. 

A  single  copy  of  the  ■!)xl74  DNA  template  is  made  in  the  presence  of  the  ini- 
tiating activity  and  the  43,  44/62,  45,  and  41  proteins.   If  32  protein  is 
also  present,  strand  displacement  synthesis  occurs  after  completion  of  the 
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duplex  circle.   Electron  microscopic  analysis  (in  collaboration  with  M. 
Sullivan  and  J.  V.  Maizel)  shows  that  the  predominant  product  is  duplex 
circles  with  very  long  tails.   Initiation  of  new  chains  using  the  displaced 
strand  as  template  occurs  frequently,  since  most  of  the  tails  are  partially 
or  completely  single-stranded. 

The  initiation  reaction  requires  ribonucleotide  triphosphates;   rATP  and 
rCTP  are  sufficient  to  give  about  70%  the  reaction  observed  with  all  four 
ribonucleotide  triphosphates.   In  contrast  to  the  strand  displacement  re- 
action, rATP  cannot  be  replaced  in  the  initiation  reaction  by  high  concen- 
tration of  dATP.   Short  oligoribonucleotides  are  made  in  the  presence  of 
rATP,  rCTP,  41  protein,  and  highly  purified  initiating  factor.   We  have 
not  been  able  to  show  that  these  ribooligonucleotides  serve  as  primers  for 
DNA  synthesis  in  the  coupled  reaction. 

Since  the  initiation  reaction  occurs  with  a  variety  of  single-stranded 
templates,  it  is  unlikely  to  require  a  specific  sequence  present  at  the 
origin(s)  used  for  T4  DNA  replication  in  vivo.   It  is  more  likely  that 
this  reaction  is  analogous  to  the  beginning  of  "Okasaki  fragments"  during 
lagging  strand  synthesis  at  sequences  which  are  short  enough  to  be  present 
in  all  of  the  DNA's  which  serve  as  templates. 

T4  Gene  Is  Required  for  the  Initiating  Activity.   We  have  shown  that  the 
product  of  the  T4  gene  61  is  required  for  the  formation  of  the  initiating 
activity  which  works  in  conjunction  with  the  T4  proteins.   This  initiating 
activity  cannot  be  detected  in  crude  extracts  but  can  be  measured  following 
DNA  cellulose  chromatography.   No  initiating  activity  is  found  in  fractions 
from  uninfected  cells  or  from  nonpermisslve  cells  infected  with  amber  mutants 
in  gene  61.   It  is  present  after  infection  of  nonpermisslve  hosts  by  amber 
mutants  in  all  other  genes  tested,  as  well  as  after  infection  of  permissive 
hosts  with  gene  61  mutants.   These  studies  demonstrate  that  the  61  gene 
product  is  required  for  the  initiation  reaction.   Further  work  will  be  re- 
quired to  establish  whether  it  is  the  structural  gene  for  an  initiating 
protein. 

Mutations  in  gene  51  cause  a  marked  reduction  in  DNA  synthesis  in  vivo, 
especially  at  early  times  after  infection  and  at  low  temperatures.   We  are 
unable  to  detect  initiating  activity  in  vitro  in  extracts  made  from  non- 
permissive  cells  infected  with  61"  mutants  at  times  (60  minutes  at  37°) 
when  there  is  clearly  T4  DNA  synthesis  in  vivo  .   At  present  there  is  no 
explanation  for  this  discrepancy.   It  is  possible  that  low  levels  of  ini- 
tiating activity  produced  under  nonpermisslve  conditions  are  sufficient  to 
give  the  reduced  rate  of  DNA  synthesis  observed  in  vivo  but  are  not  suffi- 
cient to  be  detected  in  vitro.   Alternatively,  another  phage  or  host  protein 
may  perform  the  function  normally  carried  out  by  the  gene  61  product. 

Proposed  Course: 

During  the  next  year  we  will  try  to  determine  whether  the  initiation  of  new 
chains  on  single-stranded  templates  catalyzed  by  the  T4  proteins  begins  at 
specific  sequences.   We  will  investigate  whether  the  ribonucleotides  required 
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in  this  reaction  are  used  to  make  a  ribooligonucleotide  primer  and,  if  so, 
how  this  primer  is  removed  from  the  DNA  product.   We  will  continue  our 
efforts  to  separate  the  synthetic  reaction  into  stages  in  order  to  delin- 
eate the  functions  of  the  individual  proteins.   We  will  pursue  our  studies  of 
the  role  of  T4  gene  61  to  establish  whether  it  is  the  structural  gene  for  a 
priming  protein.   Since  the  T4  proteins  isolated  to  date  can  initiate  only 
on  single-stranded  templates,  we  will  look  for  additional  proteins  which 
may  be  required  to  facilitate  initiation  within  the  helix  of  duplex  DNA. 

Publications: 

Konrad,  E.  B. :   Isolation  of  an  Escherichia  coli  K-12  dnaE  mutation  as  a 
mutator.   J.  Bacteriol.  133:  1197-1202,  1978^ 

Silver,  L.  L. ,  and  Nossal,  N.  G. :   DNA  replication  by  T4  bacteriophage 
proteins:   role  of  the  DNA-delay  gene  61  in  the  chain  initiation  reaction. 
Cold  Spring  Harbor  Symp.  Quant.  Biol.  43,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  are  continuing  our  studies  on  the  biological  role  of  polyamines.   Particular 
attention  is  being  directed  towards  the  selection  of  Escherichia  coli  and  yeast 
mutants  that  are  defective  in  the  biosynthesis  of  these  amines,  and  a  study  of 
the  resultant  phenotypic  effects. 

Studies  are  also  being  carried  out  on  the  characterization  of  the  specific 
enzymes  involved  in  spermidine  biosynthesis,  with  particular  emphasis  on 
adenosylmethionine  decarboxylase  from  prokaryote  and  eukaryote  sources . 


We  are  also  identifying  plasmids  carrying  the  specific  _E^  coli  genes  involved  in 
the  steps  of  poly amine  biosynthesis.   These  are  being  used  to  obtain  high  yields 
of  the  enzymes  to  permit  more  complete  study  of  the  proteins  and  cofactors 
involved. 


f 
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Project  Description: 

Mutations  in  Spermidine  Biosynthesis  in  Escherichia  coli  and  Saccharomyces 
cerevisiae. 

We  have  extended  our  studies  of  the  mutants  of  E^  coli  that  we  have  obtained 
for  polyamine  biosynthesis.   We  have  constructed  and  characterized  deletion 
mutants  in  each  of  four  steps  in  polyamine  biosynthesis.   We  have  been  able, 
by  transduction,  to  combine  these  deletion  mutants  into  a  single  organism. 
We  have  utilized  this  quadruple  mutant  (carrying  mutations  in  ornithine  decar- 
boxylase, arginine  decarboxylase,  agmatine  ureohydrolase,  and  adenosylmethionine 
decarboxylase)  to  study  the  role  of  polyamines  in  _E^  coli.   These  organisms 
have  no  detectable  putrescine  or  spermidine.   Their  growth  rate  is  markedly 
slowed;   the  doubling  time  is  5  hours.   These  cells,  however,  are  able  to 
maintain  the  growth  of  various  bacteriophages.   The  sensitivity  to  some  anti- 
biotics is  slightly  enhanced.   We  are  continuing  studying  these  multiple 
mutants  to  try  to  define  specific  function  for  the  polyamines  in  E^  coli. 

We  are  also  isolating  more  mutants  in  adenosylmethionine  decarboxylase  in 
attempts  to  obtain  mutations  which  prevent  the  formation  of  the  pyruvate 
cof actor  in  the  enzyme,  as  well  as  structural  mutations  in  the  enzyme. 

In  order  to  further  study  the  pyruvate  cof actor  in  the  E_^  coli  enzyme,  we  have 
isolated  a  plasmid  from  the  Carbon  collection  which  carries  the  E^^  coli  gene 
for  the  adenosylmethionine  decarboxylase.   We  have  developed  culture  conditions 
for  cells  carrying  this  plasmid  to  amplify  the  amount  of  enzyme  that  we  can 
obtain  for  study. 

We  are  isolating  and  mapping  mutants  of  E^  coli  in  lysine  decarboxylase  in 
order  to  eliminate  the  formation  of  cadaverine  from  lysine  in  the  polyamine- 
deficient  organism. 

Studies  with  mutants  of  yeast  lacking  adenosylmethionine  decarboxylase  have 
yielded  evidence  for  two  specific  functions  of  spermidine  or  spermine  in  vivo: 
(1)  the  yeast  cannot  sporulate  and  (2)  they  cannot  maintain  the  double-stranded 
RNA  plasmid  of  yeast  called  "killer  plasmid."   Putrescine  cannot  substitute 
for  spermidine  or  spermine  in  these  functions.   The  gene  for  adenosylmethionine 
decarboxylase  is  tightly  linked  to  the  argl  gene  in  S_^  cerevisiae  and  appears 
to  be  located  on  a  new  18th  chromosome. 

We  have  also  been  isolating  mutations  in  the  ornithine  decaboxylase  gene  to 
obtain  yeasts  that  are  completely  deficient  in  putrescine  as  well  as  spermi- 
dine and  spermine. 

We  have  devised  a  rapid  assay  for  mixed  leucocyte  histocompatibility,  based 
on  the  very  early  striking  increases  in  ornithine  decarboxylase  and  adenosyl- 
methionine decarboxylase,  two  of  the  enzymes  involved  in  polyamine  biosynthesis. 
We  have  also  obtained  a  highly  purified  growth  factor  from  regenerating  liver, 
which  acts  specifically  on  liver  cells  in  culture.   We  have  continued  our 
studies  of  rat  liver  adenosylmethionine  decarboxylase,  in  order  to  determine 
the  subunit  structure  of  the  enzyme,  and  the  stoichiometry  of  the  covalently- 
bound  pyruvate  cof actor. 
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We  have  extended  our  studies  with  the  amino  acid  analyzer  in  our  polyamine 
studies.   We  have  developed  methods  for  the  separation  of  adenosylmethionine 
and  decarboxylated  adenosylmethionine. 

Publications: 


Cohn,  M.  S.,  Tabor,  C.  W. ,  and  Tabor,  H. :   Identification  of  a  pyruvoyl  resi- 
due in  S-adenosylmethionine  decarboxylase  from  Saccharomyces  cerevisiae. 
J,  Biol.  Chem.  252:  8212-8216,  1977. 


Hafner,  E.  W. ,  Tabor,  C.  W. ,  and  Tabor,  H. :   Isolation  of 
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SUMMARY  OF  WORK  (200  words  or  less  -  jnderline  keywords) 

The  presence  of  a  1.4  x  10^  dalton  double-stranded  RNA  in  intracellular  virus- 
like particles  (the  killer  plasmid  or  killer  virus)  in  Saccharomyces  cere- 
visiae enables  cells  to  secrete  a  protein  toxin  and  be  immune  to  this  toxin. 
We  have  defined  28  chromosomal  genes  (called  makl ,  .  .  . )  needed  to  replicate 
or  maintain  the  killer  plasmid.   One  of  these  genes  is  spe2,  the  structural 
gene  for  adenosylmethionine  decarboxylase.   Thus,  spermidine  or  spermine  is 
needed  for  killer  plasmid  replication.   Methods  for  complementation  and  genetic 
mapping  of  these  genes  have  been  devised.   We  have  discovered  a  nineteenth 
chromosome  of  yeast.   Mutations  in  any  of  four  chromosomal  genes  (called  ski) 
make  cells  superkillers .   These  mutations  make  certain  mak  genes  dispensable 
for  killer  plasmid  replication.   We  have  also  found  a  plasmid-coded  mak  gene 
and  a  plasmid-coded  ski  gene. 
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Project  Description: 

Some  strains  of  the  eukaryote  Saccharomyces  cerevisiae  secrete  a  protein 
toxin  which  is  lethal  to  other  strains.   The  toxin-secreting  strains  are 
called  killers  (IT*"  phenotype)  and  are  immune  (R"*"  phenotype)  to  the  effects 
of  the  toxin.   Ability  to  secrete  an  active  toxin  depends  on  the  presence 
of  a  1.5  X  10  dalton  double-stranded  (ds)  RNA  (called  M)  which  is  found  in 
intracellular  virus-like  particles.   A  second  species  of  ds  RNA,  called  L^ 
(3.0  X  10°  daltons) ,  is  found  in  virtually  all  ^  cerevisiae  strains  and  may 
be  involved  in  the  killer  phenomenon.   It  codes  for  the  coat  protein  of  the 
virus-like  particles  in  which  it  is  encapsulated. 

We  have  previously  described  two  chromosomal  genes  kexl  and  kex2,  needed  for 
expressing  the  killer  phenotype,  but  not  needed  for  resistance  or  for  killer 
plasmid  (M  ds  RNA)  maintenance.   The  kex2  gene  is  also  necessary  for  secretion 
of  active  a_  hormone — a  pheromone  secreted  by  cells  of  a_  mating  type  which 
readies  a_  cells  for  mating — and  for  meiotic  spore  formation.   The  rexl  gene 
is  required  for  expression  of  resistance  to  the  toxin,  but  not  for  toxin 
production  or  plasmid  maintenance. 

Our  studies  have  also  revealed  24  chromosomal  genes  needed  to  maintain  or 
replicate  the  killer  plasmid-virus  (mak  genes).   Mutants  in  any  of  these 
genes  result  in  loss  oJ  the  M  ds  RNA,  but  not  of  I^  ds  RNA.   Thus,  M  and  L 
must  be  replicated  and  maintained  by  very  different  enzymes.   Several  mak 
genes  are  also  required  for  optimal  growth  rates  and  other  cellular  functions. 

New  Findings: 

Polyamine  Requirement  for  Killer  Plasmid  Maintenance.   To  study  the  role  of 
polyamines  in  the  eukaryotic  cell,  Drs.  M.  S.  Cohn,  C.  W.  Tabor,  and  H.  Tabor 
isolated  mutants  deficient  in  adenosylmethionine  decarboxylase  (spe2)  and 
thus  unable  to  synthesize  the  polyamines  spermidine  or  spermine.   In  colla- 
boration with  Drs.  Cohn,  Tabor,  and  Tabor,  we  have  found  that  spe2  mutants 
lose  the  killer  plasmid  (M  ds  RNA)  when  starved  for  polyamines.   They  do  not 
lose  I^  ds  RNA,  mitochondrial  DNA,  or  if;,  a  plasmid  which  potentiates  weak 
chromosomal  ochre  suppressors.   Either  spermidine  or  spermine  prevents  the 
loss  of  the  killer  plasmid.   This  is  the  first  mak  gene  whose  biochemical 
function  is  known,  and  one  of  the  first  specific  ^iii  vivo  roles  demonstrated 
for  polyamines  in  eukaryotic  cells. 

Diploid-Dependent  mak  Genes.   We  have  isolated  a  number  of  new  mak  mutants, 
including  a  group  of  temperature-sensitive  (ts)  mak  mutants.   Two  ts  mak 
mutants  are  almost  dispensable  for  killer  plasmid  replication  in  diploid 
cells,  but  are  absolutely  required  in  haploid  cells.   This  finding  recalls 
our  previous  description  of  killer  plasmid  mutants  whose  replication  and 
expression  was  normal  in  diploid  cells,  but  defective  in  haploids.   These 
findings  indicate  an  important  difference  in  killer  plasmid  replication 
between  haploids  and  diploids. 

New  Mapping  Method.   We  have  continued  locating  the  mak  genes  on  the  genetic 
map  of  yeast.   To  this  end,  we  have  developed  a  new  quicker  mapping  method 
which  will  be  useful  for  locating  any  yeast  mutant.   This  method  relies  on 
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the  fact  that  an  extra  chromosome  produces  aberrant  segregation  in  meiosis 
of  all  markers  on  that  chromosome.   We  have  constructed  a  special  triploid 
strain  with  each  chromosome  carrying  a  marker  in  the  -1+1+   configuration. 
The  aneuploid  spores  generated  by  meiosis  from  this  "supertriploid"  are 
mated  with  the  unmapped  mutant.   These  crosses  allow  one  to  quickly  deter- 
mine on  which  chromosome  the  new  mutation  is  located.   Using  this  method, 
we  have  discovered  a  new  chromosome ,  number  XIX,  for  yeast.   Several  more 
mak  genes  have  now  been  mapped  by  this  and  conventional  methods. 

Chromosomal  Superkiller  Mutants.   We  have  discovered  four  chromosomal  genes 
[skil  through  ski4  (for  superkiller) ]  recessive  mutations  in  any  one  of 
which  result  in  increased  production  of  the  killer  toxin.   Skil  is  on  chro- 
mosome VII  between  lys5  and  kexl;   ski4  is  on  XIV  very  close  to  kex2;   and 
ski3  is  on  XIV,  loosely  linked  to  kex2.   Mutation  of  the  skil  gene  results 
in  decreased  growth  rate.   Each  ski  gene  product  must  be  negatively  control- 
ling toxin  production  in  some  way. 

Mutants  in  each  ski  gene  have  an  increased  number  of  copies  of  M  ds  RNA  (the 
killer  plasmid-virus) .   In  addition,  each  ski  mutation  makes  several  mak 
genes  dispensable  for  killer  plasraid  replication.   Thus,  makl,  mak4,  mak5, 
mak6,  mak? ,  and  spe2  mutations  are  bypassed  by  mutation  in  any  ski  gene. 
Mutation  of  ski4  makes  these  and  maklO  dispensable,  while  mutation  of  skil 
makes  all  nine  mak  genes  tested  dispensable.   These  results  can  be  inter- 
preted by  hypothesizing  an  "alternate"  pathway  for  killer  plasmid  replica- 
tion, access  to  which  is  negatively  controlled  by  the  ski  gene  products. 

Plasmid-Coded  Maintenance  Function.   We  have  isolated  mutant  killer  plasmids 
(called  [KIL-sd]),  whose  maintenance  is  dependent  on  the  presence  of  a  chro- 
mosomal ski  mutation.   These  mutants  are  closely  analogous  to  the  chromosomal 
mak  mutations  which  result  in  killer  plasmid  loss,  except  if  the  cell  is 
ski".   We  therefore  view  these  as  mutants  in  a  plasmid-coded  gene  (or  site) 
essential  for  replication  of  the  killer  plasmid  by  the  normal  pathway,  but 
dispensable  for  the  "alternate"  pathway. 

Plasmid  Superkiller  Mutants.   We  have  isolated  a  variant  killer  plasmid  which 
makes  the  cell  carrying  it  a  superkiller.   This  plasmid  (called  [KIL-b]  for 
bypass)  no  longer  requires  the  products  of  mak4 ,  mak7 ,  or  makll  for  its  main- 
tenance or  replication.   This  mutant  resembles  the  chromosomal  ski  mutations 
discussed  above.   We  suggest  that  this  mutant  plasmid  may  lack  a  site  or 
product  needed  for  the  action  of  one  of  the  ski  products. 
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needed  for  maintenance  of  the  killer  plasmid  of  yeast.   Genetics  87:  441- 
452,  1977. 

Wickner,  R.  B. ,  and  Leibowitz,  M.  J.:   Dominant  chromosomal  mutation  bypass- 
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Genetics  87:  453-469,  1977. 
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ANNUAL  REPORT  OF  THE  LABORATORY  OF  CHEMICAL  PHYSICS, 
NATIONAL  INSTITUTE  OF  ARTHRITIS,  METABOLISM  AND  DIGESTIVE  DISEASES 


One  of  the  major  objectives  of  research  in  this  Laboratory  is  the  clari- 
fication of  structure,  electronic  states  and  function.   Several  classes  of 
molecular  systems  continue  to  receive  special  attention:   porphyrins,  nucleic 
acids,  polynucleotides,  phospholipids  and  small  molecules  containing  chromo- 
phores  present  in  a  wide  variety  of  synthetic  and  natural  compounds. 

Four  principal  projects  illustrate  the  work  on  porphyrin  and  hemoglobins. 
Eaton  (in  collaboration  with  R.  Hochstrasser  at  the  University  of  Pennsylvania) 
has  initiated  a  study  of  hemoglobin  molecular  conformational  changes  which 
take  place  in  less  than  10~^  seconds  when  oxy-  or  carbonmonoxy-hemoglobin  is 
photolyzed  by  a  high-powered  laser  pulse.   The  laser  simultaneously  provides 
the  probe  which  permits  taking  a  spectrum  of  the  irradiated  molecule  in  about 
10"^^  seconds  and  thus  monitors  the  conformational  changes.   Hofrichter  and 
Ferrone  have  completed  a  systematic  investigation  of  the  way  in  which  light 
scattering  may  be  used  to  study  the  polymerization  of  carbonmonoxyhemoglobin 
S  using  fast  laser  induced  photolysis  of  extremely  small  samples.   With  this 
technique  the  gelation  of  sickle  cell  hemoglobin  can  be  studied  under  the 
conditions  of  high  hemoglobin  S  concentration  characteristic  of  the  in  vivo 
system  where  ordinary  t  ^.chniques  cannot  be  used  because  of  the  extremely  high 
inverse  concentration  dependence  of  the  delay  time  prior  to  gelation.  In 
addition,  a  similar  technique  has  been  used  by  Hofrichter  and  Gethner  to  meas- 
ure the  melting  and  repolymerization  kinetics  of  deoxyhemoglobin  S  when  cooled 
to  temperatures  at  which  the  total  concentration  is  less  than  the  solubility. 
Taken  together  with  Eaton  and  Sunshine's  study  of  the  molecular  mechanism  of 
gelation  of  hemoglobin  S  in  mixtures  with  hemoglobin  A  and  F,  these  studies 
are  designed  to  evaluate  the  strategies  which  have  been  suggested  to  increase 
the  delay  time  of  intracellular  gelation  of  hemoglobin  S  and  thus  to  prevent 
or  alleviate  sickle  cell  crises  in  patients  carrying  that  genetic  trait.   The 
requirements  of  each  strategy  have  been  evaluated  and  although  the  result 
indicates  that  a  "cure"  of  sickle  cell  disease  by  these  strategies  will  be 
difficult  to  achieve,  therapeutically  significant  kinetic  inhibition  of 
intracellular  gelation,  and  therefore  significant  reduction  in  the  severity 
of  disease,  could  be  accomplished  by  each  of  the  suggested  strategies. 

Kon  and  Chikira's  study  of  dimer  formation  of  Cu( II) -porphyrin  models 
and  of  Cu(II)-substituted  cytochrome  c  have  delineated  the  structures  and 
the  way  in  which  the  structural  forms  depend  on  the  pH  range.   Other  related 
studies  of  cytochrome  P-450,  both  in  vivo  and  in  vitro,  have  explained  the 
cytotoxic  action  of  several  clinical  drugs  which  interact  with  the  cytochrome 
and  related  enzymes. 

Both  theoretical  and  experimental  investigations  by  Chamey  and  his  col- 
laborators of  the  physical  properties  and  structure  of  polymers  by  techniques 
depending  on  their  polarized  optical  properties  when  oriented  in  an  electric 
field,  have  been  underway  for  some  years.   At  the  end  of  last  year  and  con- 
tinuing this  year,  several  new  aspects  have  been  initiated.   The  polymers 
now  being  studied  are  polynucleotides  and  DNA,  which  are  linear  negatively 
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charged  polyelectrolytes  whose  properties  (as  polyelectrolytes)  are  not  well   ^ 
established.   The  new  research,  which  uses  the  method  of  examining  the  effect 
of  electrolyte  perturbations  on  the  electric-field  induced  dichroism,  has 
already  demonstrated  that  their  orientation  is  dependent  in  a  predictable  way 
on  the  condensation  of  strongly  held  counter-ions,  but  that  the  theories  which 
allow  these  predictions  cannot  account  for  microstructural  differences.   A 
typical  example  is  the  difference  in  the  behavior  on  protonation  of  double     4 
stranded  poly(A)  and  poly(C) ,  in  which  the  protonation  of  the  former  displaces  ^ 
condensed  counter-ions  in  a  predictable  fashion,  but  that  of  poly(C)  does  not. 
Structural  differences  account  for  the  difference  in  behavior. 

The  spectroscopic  investigations  of  small  molecule  chromophores  by 
McDiarmid  is  also  taking  a  new  turn.   This  year  she  completed  vacuum  ultra- 
violet spectral  investigations  of  Rydberg  transitions  in  butadiene,  difluoro- 
ethylenes  and  sulfides.   However,  a  significant  fraction  of  the  time  has  been 
put  into  the  assembly  of  a  major  new  installation  for  the  examination  of 
spectra  of  symmetry-forbidden  transitions  by  multiphoton  absorption  of  super- 
cooled gaseous  molecules.   Under  the  condition  of  multiphoton  laser  absorption, 
the  symmetry  rule  does  not  restrict  the  allowability  of  these  transitions  and 
a  whole  new  dimension  is  expected  to  be  available  in  the  delineation  of  spec- 
troscopic states  of  chromophores  unperturbed  by  their  environment. 

Levin  and  his  collaborators  continued  their  studies  aimed  at  clarifying 
specific  membrane  bilayer  processes  as  reflected  by  the  vibrational  properties 
of  model  and  real  membrane  assemblies.   Hill  and  Levin  studied  the  temperature 
dependence  of  Raman  spectra  from  Aaholeplasma   laidlau-ii   membranes  containing 
deuterated  palmitic  acid.   By  focusing  on  spectral  lines  originating  in  the 
deuterated  chains,  they  found  that  the  gel  state  predominates  through  most  of 
the  phase  transition  region  but  that  significant  diffusion  of  membrane  com- 
ponents can  occur  in  the  tightly  ordered  gel  assembly.   Meanwhile,  Levin  and 
Pearce  investigated  the  detailed  internal  valence  force  field  for  propane  and 
four  deuterated  derivatives,  which  serve  as  models  for  the  hydrocarbon  portions 
of  lipids.   For  the  first  time  in  this  sort  of  work  they  used  a  backward  elim- 
ination regression-refinement  method  for  selecting  and  adjusting  the  most 
significant  force  constants.   In  propane,  and  also  in  dimethyl  ether,  methyl- 
methyl  interaction  constants  are  found  to  be  particularly  significant. 

Fisk  and  Becker,  together  with  Miles  (lilB,  NIAMDD)  and  Pinnavaia 
(Michigan  State  University),  used  proton  and  -^  ^C  NMR  to  investigate  the  self- 
assembly  of  guanosine-5 '-phosphate  at  neutral  pH.   Evidence  previously  obtained 
from  infrared,  NMR  and  x-ray  diffraction  studies  showed  that  the  sodium  salt 
of  5'-GMP  associates  to  form  a  planar,  hydrogen-bonded  tetramer,  which  might 
then  stack  to  form  higher-order  complexes.   Proton  NMR  chemical  shift  data  and 
^^C  NMR  relaxation  times  now  indicate  that  one  highly  stable  complex  consists 
of  only  two  such  tetramer  units.   Meanwhile  H  NMR  results  have  demonstrated 
a  remarkable  dependence  of  the  association  process  on  the  nature  of  the  cation  | 
present,  with  sodium,  potassium  and  rubidium  all  foirming  stable  complexes,     ' 
while  lithium  and  cesium  provide  little  or  no  complexation. 

Sharpless  and  Jennings  have  adapted  a  collection  of  generalized  computer 
modeling  programs  for  use  in  determining  the  stability  of  different  confor- 
mations and  configurations  of  organic  molecules  by  energy  minimization 
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procedures.   For  example,  they  found  that  the  drug  cyclophosphoramide  is 
probably  in  the  chair  conformation  with  an  axial  oxygen  atom,  and  in  col- 
laboration with  Adams  they  have  investigated  the  molecular  interactions  that 
may  occur  in  the  visual  pigment  rhodopsin. 

Weiss  and  Cook  (University  of  Wisconsin,  Milwaukee),  have  synthesized 
the  first  derivative  of  a  complex  polycyclic  system  made  of  cyclopentane 
rings.   This  novel  and  previously  inaccessible  ring  system,  for  which  the 
name  "staurane"  is  proposed,  is  of  major  stereochemical  interest  on  account 
of  its  well  defined  geometry  and  high  symmetry.   Harmon  and  Weiss  have  identi- 
fied the  principal  blue  pigment  from  the  latex  of  the  mushrooms  of  the  genus 
Laatarius   as  the  stearoyl  ester  of  l-hydroxymethyl-4-methyl-7-isopropenylazu- 
lene.   [Dr.  Weiss  retired  during  the  last  year.   However,  he  has  been  appointed 
Scientist  Emeritus  and  plans  to  continue  research  in  this  Laboratory.] 

Ziffer,  Imuta  and  Kawai  have  continued  studies  of  asymmetric  syntheses 
in  order  to  develop  procedures  for  preparing  compounds  of  high  optical  purity 
that  can  be  used  in  structural  investigations.   The  configurations  of  a  series 
of  pyridylethanols,  obtained  from  the  microbial  reduction  of  the  three  isomeric 
acetylpyridines,  have  been  shown  to  be  S_,  in  accord  with  Prelog's  Rule. 

The  elucidation  of  the  mechanism  by  which  the  absorption  of  a  photon 
triggers  the  complex  reactions  of  the  visual  process  continues  to  be  a  major 
goal  of  the  Laboratory.   Yoshikami,  Hagins  and  Rashidian  have  begun  an  investi- 
gation of  the  release  and  diffusion  of  the  intracellular  transmitter  of  visual 
excitation  by  means  of  new  metallochromic  dyes.   Meanwhile,  Robinson  has  shown 
that  the  bioenergetics  of  the  release  and  recovery  of  the  visual  transmitter 
substance  depends  in  part  on  a  GTPase  attached  to  the  disks  of  retinal  rod 
outer  segments. 

Hagins  and  Banfield  (NCI)  have  begun  the  development  of  a  new  electron 
probe  facility  useful  for  analyzing  the  elemental  composition  of  single  cells 
at  millimolar  levels.   The  fast  freezing  of  cells  and  tissues,  which  is  often 
a  prerequisite  to  electron  probe  analysis,  has  been  studied  quantitatively 
by  Meisner,  Berman,  Kon  and  Hagins,  using  ESR  and  fluorometric  methods. 

Shean's  work  on  artificial  liquid  ion-exchange  membranes  has  developed 
a  system  that  exhibits  very  high  transport  selectivity  for  anions,  while  at 
the  same  time  showing  electrical  selectivity  for  cations.   RbSCN  has  been 
used  as  a  test  substance. 

Exposure  to  ambient  cigarette  smoke  produces  many  irritating  subjective 
symptoms  in  man.   The  effects  of  combinations  of  some  components  of  cigarette 
smoke,  such  as  nicotine  and  carbon  monoxide,  in  the  absence  of  other  suspended 
particulate  matter,  are  not  known.   Altland  has  found  that  nicotine  and  CO  in 
combination  produced  in  rats  greater  systemic  changes,  such  as  hypothermia, 
elevated  blood  glucose,  lactic  acid  and  aspartate  and  alanine  aminotransferase 
activity  levels,  than  the  same  concentrations  of  either  agent  alone.   The  con- 
centrations of  the  noxious  agents  needed  to  induce  systemic  changes  exceeded 
Governmental  threshold  standards  for  the  individual  agents,  but  these  results 
emphasize  the  possibility  that  mixtures  of  pollutant  agents  may  show  synergis- 
tic effects  not  predictable  by  the  action  of  single  agents. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

NMR  Studies  of  nucleotide  conformation  and  nucleotide  interactions  concen- 
trated on  the  elucidation  of  structure  of  the  associated  form  of  guano sine-5 '- 
phosphate  at  neutral  pH.   ^ ^C  relaxation  time  measurements  provided  limits  on 
the  size  of  the  aggregate,  while  %  spectra  showed  that  the  association  is 
sensitive  to  the  cations  present. 

Strategies  for  measuring  NMR  spin-lattice  relaxation  times  have  been 
explored  from  the  standpoint  of  minimizing  random  errors. 

^^C  NMR  relaxation  data  have  been  used  to  probe  the  extent  of  hydrogen 
bonding  in  tert-butanol. 
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Project  Description: 
Objectives : 

1.  Elucidation  of  the  forces  within  and  between  molecules,  especially 
those  of  potential  biological  importance. 

2.  Development  of  spectroscopic  methods  for  studying  molecular  struc- 
ture and  analyzing  materials  of  chemical  and  biological  interest. 

Major  Findings  and  Future  Plans: 

The  self-assembly  of  guanosine  5 '-monophosphate  alkali  metal  salts 
(Na2QlP,  K2»1P,  RboGMP  and  CS2GMP)  into  higher  molecular  weight  complexes 
in  aqueous  solution  has  been  further  studied  by  proton  and  carbon-13  NMR. 
The  complexity  of  preliminary  proton  and  carbon-13  spectra  of  the  K  struc- 
ture prompted  us  to  obtain  a  thorough  220  MHz  proton  NMR  profile  of  the 
effect  of  temperature  and  concentration  on  self-structure  formation  in  K2GMP 
solutions.   This  revealed  that  at  least  three  species  of  differing  stability 
contribute  to  a  total  of  six  resolvable  lines  in  the  H8  region.   Continued 
studies  with  the  cesium  salt  have  indicated  that  when  sample  preparation 
procedures  are  devised  to  ensure  the  absence  of  Na  ,  minimal  structure  for- 
mation is  observed.   We  are  pursuing  the  possibility  that  there  is  a  kinetic 
effect  on  structure  formation  in  CS2GMP.   In  general,  it  appears  that  geo- 
metrical constraints  imposed  by  stacked  GMP  tetramers  may  explain  the  relative 
stabilities  we  observe  for  alkali-metal  GMP  complexes  (Kr'">Na"'",  Rb'*'>>Li"'',  Cs"*") . 
This  would  involve,  according  to  our  calculations,  coordination  of  a  central 
Na   to  the  four  guanine  oxygens  in  the  plane  of  the  tetramer,  while  larger 
atoms  K  and  Rb   each  coordinate  to  eight  oxygens  in  a  central  location 
between  tetramer  planes.   In  addition,  we  have  completed  a  more  detailed 
study  of  the  carbon-13  relaxation  of  Na2GMP,  including  deconvolution  of 
overlapping  lines  to  better  resolve  neighboring  resonances  which  differ  in 
their  relaxation  parameters.   In  order  to  estimate  the  size  of  self-structures 
formed,  we  have  calculated  the  relaxation  parameters  (Ti,    T2  and  NOE)  of  rigid 
ellipsoids  having  dimensions  of  various  n-mers  of  Na2GMP  for  comparison  with 
our  data  measured  at  68  MHz.   We  find  our  data  agree  most  closely  with  cal- 
culated values  for  structures  of  moderate  size  (e.g.  octamers)  when  consid- 
erations of  anisotropic  motion,  hydration  and  macroviscosity  are  included. 
Previously  reported  data  on  '•H  chemical  shifts  are  most  readily  interpreted 
in  terms  of  an  octamer  formed  by  head-to-tail  stacking  of  two  tetrameric 
units.   (Fisk,  Miles,  Pinnavaia,  Becker) 

Further  analyses  have  been  carried  out  of  the  minimization  of  random 
errors  in  measurements  of  NMR  spin-lattice  relaxation  times.   Under  con- 
ditions of  ideal  180°  and  90°  pulses  the  data  can  best  be  fit  by  a  two 
parameter  procedure,  with  the  inversion-recovery  method  providing  the  optimum 
precision  under  most  situations  that  are  encountered.   (Weiss,  Ferretti,  Gupta, 
Becker) 
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■'•^C  NMR  relaxation  time  measurements  for  the  carbinol  carbon  in  tert- 
butanol  provide  sensitive  indications  of  the  extent  of  molecular  aggregation 
through  hydrogen  bonding.  As  the  concentration  of  the  alcohol  is  reduced  in 
an  inert  solvent  (hexadecane) ,  T|  lengthens  by  a  factor  of  three.  Surpris- 
ingly, the  nuclear  Overhauser  enhancement  shows  a  concomitant  decrease,  sug- 
gesting that  mechanisms  other  than  dipolar  interactions  contribute  to  relax- 
ation in  dilute  solution.   (Sweeting,  Becker) 

Our  NtlR  laboratory,  which  is  used  and  supported  financially  by  several 
Institutes,  now  has  improved  facilities  for  measurement  of  NMR  spectra  of 
several  nuclei  at  high  magnetic  field  (6.3  tesla) ,  as  a  result  of  the  con- 
struction of  two  new  probes  for  the  NIH-2  70  spectrometer.   One  probe  is  used 
for  the  study  of  ^'■P  at  109  MHz,  while  the  other  is  tuneable  over  a  wide 
range,  permitting  study  of  ^-^C,  ^^Na,  ^^^Cd,  ^H,  ^^0  and  other  nuclei.   (Shindo, 
Tschudin) 

Publications: 

Pinnavaia,  T.  J.,  Marshall,  C.  L. ,  Mettler,  C.  M. ,  Fisk,  C.  L.,  Miles, 
H.  T. ,  Becker,  E.  D. :   Alkali  metal  ion  specificity  in  the  solution 
ordering  of  a  nucleotide,  5'-guanosine  monophosphate.   J^.  Amer.  Chem. 
Soc.  100:   3625-3627,  1978, 


Becker,  E.  D. :   Nuclear  magnetic  resonance:   recent  developments  in 
techniques  and  their  potential  application  to  forensic  research.   Proc. 
Int.  Sym,  Instrum,  Appli.  Forensic  Drug  Chem.   In  press, 
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Rao,  K.  B.,  Becker,  E.  D,  and  Rao,  C,  N.  R. :   Effect  of  lithium  ion  on 
the  torsional  barrier  in  amides.   J^.  Chem.  Soc. ,  Chem,  Comm. :   350-351, 
1977. 

Govil,  G.,  Fisk,  C,  Howard,  F.  B.  and  Miles,  H.  T.:   Structure  of 
poly  8-bromoadenylic  acid:   conformational  studies  by  CPF  energy  cal- 
culations.  Nucleic  Acid  Res.  4:   2573-2592,  1977. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Vibrational  Raman  spectroscopic  transitions  are  used  to  probe  the  dynamical 
processes  involved  in  lipid-lipid  and  lipid-protein  interactions  in  both  real 
and  model  membrane  bilayer  systems.   As  an  example,  temperature  profiles  for 
intact  membranes  of  Acholeplasma  laidlawii  were  compared  to  profiles  repre- 
sentative of  bilayers  formed  from  the  lipid  extract  of  the  organism.   Specific 
information  on  the  effect  of  the  physical  state  of  the  membrane  lipids  upon 
the  phase  transition  and  the  organization  of  intramembrane  components  was 
obtained. 

For  interpreting  the  Raman  and  infrared  spectra  of  bilayer  assemblies, 
extensive  sets  of  vibrational  assignments  were  made  for  model  systems  composed 
of  selected  lipid,  carboxylic  acid  and  alkane  aggregates. 
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Project  Description 

Within  the  project  area  of  the  vibrational  dynamics  of  membrane  compo- 
nents and  membrane  assemblies  our  objectives  are  to  probe,  clarify  and  inter- 
pret the  vibrational  spectroscopic  characteristics  of  biological  membrane  and 
related  systems.   The  general  approaches  include:   (a)  analyses  of  the  Raman 
and  infrared  spectra  of  selected  systems,  (b)  determination  of  reliable  intra- 
molecular force  fields  when  applicable,  and  (c)  interpretation  of  molecular 
charge  distribution  parameters  for  selected  model  systems. 

A  variety  of  laser  Raman  and  infrared  spectroscopic  procedures  provide 
the  required  data  for  the  various  vibrational  analyses. 

The  studies  during  the  past  year  were  partitioned  into  roughly  two 
separate  areas;  first,  the  continued  development  and  interpretation  of  the 
potential  functions  and  absolute  intensity  parameters  governing  the  vibra- 
tional dynamics  of  small  molecular  systems,  and  second,  the  clarification  of 
specific  membrane  bilayer  processes  as  reflected  by  the  vibrational  spectra 
of  model  and  real  membrane  assemblies.   These  investigations  are  described 
in  the  following  paragraphs. 

(1)  For  interpreting  molecular  charge  redistribution  parameters  (dipole- 
moment  derivatives  SW  SQ^  and  3P_/3Sj_,  where  Q  and  S  are  normal  and  symmetry 
coordinates,  respectively),  the  integrated  infrared  absorption  intensities  for 
the  fundamental  vibrations  of  gas-phase  cyclopropane-dg  and  cyclopropane-dg 
were  experimentally  determined  using  nitrogen  pressure-broadening  techniques. 
Cyclopropane  represents  the  first  strained  molecular  system  for  which  inten- 
sity interpretations  have  been  attempted.   Although  the  experimental  data 
were  insufficient  to  resolve  the  relative  sign  combinations  for  the  (3P_/3Q£) 
and  (3P_/3S-)  charge  distribution  parameters  in  the  A2"  symmetry  species,  a 
definitive  relative  sign  choice  was  indicated  for  the  E'  dipole-moment 
gradients.   The  normal  coordinate  transformations  required  for  the  dipole 
derivative  analysis  were  based  on  a  highly  reliable  force  field  cast  in 
terms  of  specific  coordinates  relevent  to  cyclopropane  and  related  molecules. 
(3P^/3Q^)q  dipole  gradients  determined  by  semi-empirical  CNDO/2  molecular 
orbital  calculations  were  used  to  indicate  a  preferred  sign  for  the  dipole 
derivatives.   Since  atomic  polar  tensors  provide  an  effective  means  for 
discussing  the  details  of  molecular  charge  reorganizations,  these  tensor 
elements  for  the  carbon  and  hydrogen  atoms  of  cyclopropane  were  calculated 
and  compared  to  those  for  methane  and  ethylene.   The  effective  charge 
parameter  for  the  hydrogen  atom  in  cyclopropane  was  also  examined  in  the 
context  of  vibrational  intensity  computations.   (Levin  and  Pearce) 

(2)  In  preparation  for  performing  normal  coordinate  computations  on 
the  hydrocarbon  portions  of  lipid  assemblies,  we  investigated  the  internal 
valence  force  field  for  propane  and  four  deuterium  isotopic  species.   This 
molecular  system  also  provided  us  with  sufficient  data  to  explore  the  use 
of  a  backward  elimination  regression-refinement  technique  for  selecting  and 
adjusting  significant  force  constants.   Although  this  regression  method 
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appears  to  be  a  powerful  approach  toward  developing  intramolecular  force 
fields  rapidly  and  economically  (on  a  large  digital  computer),  its  appli- 
cation to  force  field  computations  has  not  been  previously  examined. 

The  regression  analysis  for  the  final  minimum  parameter  force  field 
for  propane  retained  a  long  range  methyl-methyl  interaction  force  constant 
involving  H-C-C  in-plane  bending  displacement  coordinates  for  each  methyl 
rotor.   The  general  valence  force  field  for  propane,  whose  methyl  groups 
are  tilted  such  that  the  out-of-plane  CH3  hydrogen  atoms  approached  one 
another,  were  compared  to  force  fields  generated  by  us  for  other  two  rotor 
systems  in  which  the  methyl  groups  are  tilted  in  an  opposite  manner.   (Levin 
and  Pearce) 

(3)  For  further  applying  the  backward  elimination  statistical  proce- 
dure in  developing  intramolecular  force  fields  by  least-squares  adjustment 
techniques,  we  completed  computations  on  the  dimethyl  ether  -dp  and  -dg 
systems.   This  internal  valence  force  field  interestingly  emphasized  the 
importance  of  the  methyl-methyl  interaction  term  between  out-of-plane  H-C-0 
bending  displacement  coordinates.   The  subtle  effects  of  both  the  tilt  of 

the  methyl  group  and  the  inequivalence  of  the  ni^-Pl^i^^-C-O  and  h°"'="°^~P^^"^- 
C-0  angles  upon  the  normal  coordinate  analysis  frequency  fits  were  assessed. 
(Levin  and  Pearce) 

(4)  Although  Raman  scattering  from  natural  membranes  tends  to  be 
relatively  feeble  and  difficult  to  record,  we  have  had  considerable  success 
in  obtaining  spectra  from  Acholeplasma  laidlawii  membranes  using  extensive 
signal  averaging  techniques  in  conjunction  with  a  new,  efficient  Raman 
spectrophotometer.   In  order  to  emphasize  spectroscopic  effects  originating 
from  the  lipid  matrix,  as  distinct  from  the  spectral  contributions  from 
protein  components,  the  mycoplasma  were  grown  in  media  containing  deuterated 
palmitic  acid  (D .  Engelman,  Yale  University)  such  that  all  lipid  acyl  chains 
could  be  differentiated  from  other  hydrocarbon  moieties.   By  monitoring 
various  spectra  transitions  associated  with  the  deuterated  chains,  contri- 
butions to  the  phase  transition  region  ("j29-45°C)  from  the  gel  and  liquid 
crystalline  states  could  be  assessed  from  temperature  profile  measurements. 
The  Raman  spectral  characteristics  suggest  that  the  gel  state  predominates 
through  most  of  the  phase  transition  region  and  that  significant  diffusion 
of  membrane  components  can  occur  in  the  tightly  ordered  gel  assembly.   (Hill 
and  Levin) 

(5) (a)  Although  the  carbon-hydrogen  stretching  modes  for  hydrocarbon 
containing  systems  were  thought  to  be  well  characterized,  the  vibrational 
assignments  for  the  symmetric  methyl  stretching  mode  were  questioned  by  us 
in  our  earlier  studies  of  model  membrane  systems.   Knowledge  of  the  identity 
of  the  methyl  modes  is  important  both  for  monitoring  perturbations  to  the 
lipid  acyl  chains  and  for  locating  intrinsic  membrane  components.   An  infra- 
red and  Raman  spectral  examination  of  a  series  of  carboxylic  acids  has 
clarified  the  complex  vibrational  patterns  found  in  the  carbon-hydrogen 
stretching  region  (2800-3000  cm~^ )  and  has  elucidated  the  previously 
unidentified  Fermi  resonance  effect  for  the  symmetrical  methyl  stretching 
vibration  in  long  chain  hydrocarbons.   (Hill  and  Levin) 
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(b)   Since  the  methylene  bending  spectral  region  for  hydrocarbon 
systems  (1400-1480  cm~  )  reflects  interchain  interactions  relevant  to  lipid 
aggregates,  various  hydrocarbon  and  carboxylic  acid  molecules  were  carefully 
studied  in  an  effort  to  assign  the  spectral  transitions  related  to  both 
intra-  and  intermolecular  effects.   The  systems  were  examined  for  a  variety 
of  physical  states  for  several  polymorphic  forms.   (Hill  and  Levin) 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute 

Raman  spectroscopy  offers  a  potentially  valuable  approach  toward 
examining  dynamical  properties  of  natural  and  artificial  membrane  bilayer 
assemblies  since  no  membrane  perturbing  agent  is  introduced  by  the  technique. 
This  is  particularly  important  for  investigating  conformation  changes  induced 
in  bilayer  systems  either  by  changes  in  temperature  or  by  addition  of  mem- 
brane substituents  and  for  clarifying  lipid-lipid  and  lipid-protein  inter- 
actions within  the  bilayer. 

Proposed  Course  of  Project 

(a)  Raman  spectral  studies  will  continue  on  both  the  natural  membranes 
and  lipid  extracts  of  Acholeplasma  laidlawii.   Specific  structural  modifi- 
cations of  the  lipid  matrix  will  be  introduced  during  the  growth  of  the 
organism.   Emphasis  will  be  placed  on  the  organization  of  intramembrane 
components. 

(b)  The  effects  of  lipid-melittin  interactions  in  model  bilayer  systems 
will  be  investigated  in  order  to  further  characterize  the  effects  of  inte- 
gral membrane  proteins.   Both  the  complete  melitten  molecule,  with  its 
apolar  and  hydrophobic  portions,  and  its  hydrophobic  segments  alone  will  be 
studied. 

(c)  Studies  will  continue  on  (i)  the  packing  characteristics  of 
cholesterol-phospholipid  complexes  in  bilayers  and  (ii)  the  differentiation 
between  in-side  and  out-side  bilayer  surfaces  by  Raman  techniques. 

(d)  Resonance  Raman  studies  on  selected  proteins  will  continue  using 
tunable  dye  laser  procedures  in  the  visible  and  ultraviolet  spectral  regions. 

Publications 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Study  of  1-  and  2-halogenocodeines  and  -morphines  has  been  continued. 
Further  development  of  methods  worked  out  in  cooperation  with  Prof.  J.  M.  Cook 
has  yielded  the  first  derivative  of  tetracyclo  [5.  5  . 1.0'^' -'-■^.O-*-'-''-^-^]  tridecane; 
the  name  "staurane"  is  proposed  for  this  novel  ring  system,  which  is  of  great 
stereochemical  interest  because  of  its  high  symmetry.   The  main  pigment  of  the 


blue  latex  of  the  edible  mushroom  Lactarius  indigo  has  been  identified  as  the 
stearate  ester  of  l-hydroxymethyl-4-methyl-7-isopropenylazulene;  it  is  only  the 
third  example  of  a  naturally-occurring  azulene.   The  related  L^.  paradoxus  with 
red  latex  seems  to  contain  a  dihydro  derivative  of  the  blue  pigment  from  L^. 
indigo.   The  main  alkaloid  from  Amoora  rohituka  (Meliaceae)  has  been  isolated 
in  pure,  crystalline  form;  its  chemical  constitution  is  being  studied.   The 
plant  was  used  in  traditional  medicine  of  ancient  India. 
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Major  Findings,  Future  Plans 

1.  Analgesics  of  the  Morphine  Series.   The  2-f luoromorphine  mentioned 

in  last  year's  report  has  been  more  fully  characterized  by  Dr.  Kenneth  L.  Kirk, 
LC-NIAMDD.   Surprisingly,  preliminary  tests  indicate  only  about  one-half  the 
analgesic  action  of  the  parent  morphine.   Preparation  of  the  compound  is  being 
studied  in  greater  detail,  yields  at  present  being  quite  modest.   Once  the 
substance  is  available  in  larger  amounts,  its  pharmacological  properties 
(pain-relieving  action,  receptor  binding)  are  to  be  examined  more  completely. 
The  study  is  to  be  extended  to  the  entire  series  of  1-  and  2-halogenated  mor- 
phines and  codeines. 

2.  Reaction  of  Dimethyl  3-Ketoglutarate  with  Dicarbonyl  Compounds. 
This  reaction,  which  provides  a  convenient  general  route  to  otherwise  quite 
inaccessible  ring-systems  made  up  of  cyclopentane  rings,  has  been  studied 
further  in  cooperation  with  Prof.  Cook  and  his  students.   Methods  developed 
last  year  (see  report  from  1976-77)  for  the  synthesis  of  tricyclo[6.3.0.0  '  ]- 
undecane-3, 7 ,9-trione  have  been  modified  to  permit  the  preparation  of  a  tetra- 
keto  derivative  of  tetracyclo  [  5  .  5  .1.0^' -'--'.  0-^^ '■'--']  tridecane;  we  have  proposed 
the  name  "staurane"  (from  Greek  staurds ,    cross)  for  this  unusual  ring  system, 
which  is  of  major  stereochemical  interest  on  account  of  its  well-defined  geo- 
metry and  high  symmetry.   Study  of  the  spectroscopic  properties  of  staurane 
and  its  derivatives  should  be  very  informative,  and  is  planned.   Attempts  in 
other  laboratories  to  synthesize  compounds  of  the  staurane  series  for  such 
purposes  seem  to  have  failed.   Work  on  the  preparation  of  novel  cyclopentanoid 
ring  system  is  continuing  in  cooperation  with  Prof.  Cook. 

3.  Azulene  Pigments  from  the  Latex  of  Mushrooms  of  the  Genus  Lactarius. 
Earlier  work  by  Drs.  K.  H.  Weisgraber  and  K.  Yoshihira  (see  reports  of  1974- 
75  and  1975-76)  has  been  resumed  and  advanced  (Dr.  A.  Harmon).   A  sufficient 
supply  of  L_.  indigo  with  blue  latex,  collected  for  us  in  Florida,  has  per- 
mitted the  isolation,  in  pure  crystalline  form,  of  the  main  blue  pigment, 
which  has  been  identified  unequivocally  as  the  stearoyl  ester  of  1-hydroxy- 
methyl-4-methyl-7-isopropenylazulene;  it  is  interesting  that  one  of  the  main 
pigments  of  the  edible,  orange-colored  1^.  deliciosus,  widely  collected  in 
Europe,  is  known  to  be  a  dihydro  derivative  of  our  compound.   The  blue  pigment 
from  L^.  indigo  undoubtedly  exists  as  such  in  the  latex.   It  is  only  the  third 
azulene  pigment  shown  to  occur  preformed  in  nature;  the  many  other  azulenes 
that  have  been  obtained  from  numerous  essential  oils  are  artifacts  formed 
during  isolation. 

Two  other,  more  polar  blue  pigments  from  I^.  indigo  remain  to  be  identi- 
fied; they  occur  in  lesser  amounts.   All  three  blue  pigments  are  converted 
to  green,  high-molecular  weight  products  with  great  ease,  e.g.  on  addition 
of  methanol  to  their  solutions  in  acetone,  the  two  minor  pigments  being  even 
more  labile  than  the  main  one. 

A  related  species  with  rust  red  latex,  L^.  paradoxus,  collected  in 
Mississippi,  contains  a  brown  pigment  which  appears  to  be  identical  or 
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isomeric  with  the  orange  stearate  from  L.    deliciosus;  because  of  its  great 
lability  (characteristic  for  compounds  of  this  type) ,  it  has  not  yet  been 
obtained  in  pure  form. 

The  study  of  the  pigments  of  the  genus  Lactarius  is  being  continued. 

4.   Alkaloids  from  Amoora  rohituka  (Meliaceae) .   This  plant  is  mentioned 
in  works  on  the  traditional  Materia  Medica  of  India.   Extracts  obtained  from 
Prof.  R.  F,  Raffauf,  Northeastern  University,  Boston,  Mass.,  were  found 
(A.  Harmon)  to  be  rich  in  alkaloids,  two  of  which  have  been  isolated  in  pure, 
crystalline  form  by  column  chromatography  and  TLC.   The  main  alkaloid  forms 
pale  yellowish  crystals  of  the  composition  CigHj^gNOs  and  has  recently  been 
identified  as  2-methyl-5, 7-dihydroxy-8-(N-methyl-3'-hydroxy-4'-piperidino)- 
chromone.   Stereochemical  assignments  are  yet  to  be  made. 

Several  alkaloids  from  plants  of  this  family  occur  in  the  literature, 
but  none  of  them  seems  to  have  been  studied  in  detail. 

Publications 

Rice,  K.  C,  Weiss,  U.,  Silverton,  J.  V.  and  Shaw,  G.  J.:   Reaction 

of  dimethyl  3-ketoglutarate  with  1, 2-dicarbonyl  compounds.   V.   Simple 

synthesis  of  derivatives  of  2,3,3a,4,5,9b-hexahydro-lH-ben2 [e]-indene 

from  dimethyl  3-ketoglutarate  and  glyoxal.   J^.  Org.  Chem.  42:   2826-      ^ 

2829,  1977.'  ^^1 

Chatterjie,  N. ,  Umans,  J.  G. ,  Inturrisi,  C.  E. ,  Chen,  W.  C.,  Clarke, 
D.  D. ,  Bhatnagar,  S.  P.  and  Weiss,  U. :   A  correction  on  the  reduction 
of  dihydrocodeinone  with  formamidine  sulfinic  acid.   Stereoselective 
reduction  of  dihydropseudocodeinone.   J_.  Org.  Chem.  43,  1003-1005, 
1978. 

Bazan,  A.  C. ,  Edwards,  J.  M.  and  Weiss,  U. :   Synthesis  of  lachnantho- 
carpone  [9,phenyl-2, 6-dihydroxyphenalene-l(6)-one]  by  intramolecular 
Diels-Alder  cyclization  of  a  1, 7-diarylheptadienoid  orthoquinone; 
possible  biosynthetic  significance  of  Diels-Alder  reactions.   Tetrahedron. 
In  press. 

Mitschka,  R. ,  Cook,  J.  M.  and  Weiss,  U. :   Synthesis  of  a  tetraketone 
of  the  tetracyclo[5.5.1.0'^'13.0lO'l^]t;ridecane  ("Staurane")  series.   _J. 
Amer.  Chem.  Soc.   In  press. 

Ahmad,  R. ,  Carrington,  R.  ,  Mldgley,  J.  M.  ,  ^ifhalley,  W.  B.  ,  Weiss,  U.  , 
Ferguson,  G.  and  Roberts,  P.  J.:   Conformational  studies.   Part  6.        a^ 
X-ray  crystal  structure  of  3, 3-dimethoxy-19-norandrosta-5(10) , 6-dien-     i^ 
17-one:   an  exception  to  the  diene  helicity  rule.   J^.  Chem.  Soc.  ,  Perkin 
I:   263-267,  1978. 
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Chiang,  C.  C. ,  DeCamp,  W,  H. ,  Curtin,  D.  Y. ,  Paul,  I.  C. ,  Shifrin,  S.  and 
Weiss,  U. :   The  color  dimorphism  of  14-hydroxymorphinone;  x-ray  analysis 
of  two  different  crystalline  modifications,   J_.  Amer.  Chem.  Soc.   In 
press. 

REPORTED  IN  PRESS  -  19  77 

Rice,  K.  C. ,  Weiss,  U.,  Silverton,  J.  V,  and  Shaw,  G.  J.:   Reaction  of 
dimethyl  3-ketoglutarate  with  1, 2-dicarbonyl  compounds.   V.   Simple 
synthesis  of  derivatives  of  2 , 3, 3a,4, 5, 9b-hexahydro-l^-benz [e] indene 
from  dimethyl  3-k.etoglutaraCe  and  glyoxal.   J^.  Org.  Chem.   42:   2826- 
2829,  1977. 

Bhatnagar,  S.  P.,  Weiss,  U.  and  Highet,  R.  J.:   Reaction  of  dimethyl 
3-ketoglutarate  with  1, 2-dicarbonyl  compounds.   VIII.   Selective  base- 
catalyzed  decarbomethoxylation  of  tetramethyl  cis-bicyclo[ 3. 3. Ojoctane- 
3,7-dione  2, 4,6 ,8-tetracarboxylate;  preparation  of  2 ,6-dicarbomethoxy- 
cis-bicyclo[3.  3.0  ]octane-3,  7-dione.   J.  Org.  Chem.  42:   3089-3091,  1977. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  membrane  system  was  further  developed  that  exhibited  very  high  transport 
selectivity  for  anions  while  at  the  same  time  showing  electrical  selectivity 
for  cations.   The  system  consisted  of  a  liquid  anion  exchanging  membrane  portion 
and  a  porous  solid  cation  exchanging  portion.   As  an  example,  when  this  system  w^s 
interposed  between  .001  N  Rb  SCN  and  . 1  N  Rb  SCN  solutions,  with  a  Rb*SC*N 
radioactive  tracer  in  the  more  dilute  solution,  the  exchange  of  SCN"  across  the 
membrane  was  3,680  times  faster  than  the  exchange  of  Rb"*".   However,  as  calculate, 
from  the  membrane  potential,  the  electrical  transference  number  of  the  Rb"*"  was 
.943  while  that  of  the  SCN"  was  .057  or  in  other  words,  the  dissociated  rubidium 
ions  were  traversing  the  membrane  16  times  faster  than  the  thiocyanate  ions.   In 
the  latter  case,  the  potential  is  caused  only  by  the  ions  that  are  dissociated 
while  going  through  the  membrane,  primarily  through  the  porous  portion.   In  the 
former  case  both  the  dissociated  and  undissociated  ions  (going  primarily  through 
the  liquid  portion  of  membrane)  are  counted.   The  ions  that  go  through  the 
membrane  in  an  undissociated  state  far  out  number  those  going  through  in  the 
dissociated  state.   The  large  transport  selectivity  was  accomplished  by  taking 
into  account  how  the  Donnan  distribution  would  affect  the  radioactive  tracer. 
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Objectives : 

To  study  the  physical  chemical  characteristics  of  liquid  ion-exchange  membranes, 
porous  ion-exchange  membranes,  other  membrane  systems  and  models  with  the 
ultimate  aim  of  providing  a  rational  basis  for  various  complex  membrane 
phenomena  in  living  systems. 

Methods  Employed: 

The  methods  employed  were  essentially  the  same  as  reported  previously, 
including  flame  photometry,  potentiometric  titrations  (including  the  chlori- 
dimeter) ,  spectrometry,  nonaqueous  titrations,  radioactive  tracer  methods,  etc. 

Major  Findings: 

The  transport  selectivity  in  a  concentration  cell  of  a  mosaic  membrane  consist- 
ing of  a  liquid  anion  exchanging  portion  and  a  porous  cation  exchanging  portion 
has  been  found  to  vary  according  to  the  ratio  of  the  electrolyte  when  the  same 
amount  of  tracer  is  used  in  each  cell,  e.g.,  a  .001  N  Rb*Sc*N  vs.  .IN  RbSCN 
cell  (Cell  A)  (100:1)  gives  a  higher  thiocyanate  ion  to  rubidium  ion  transport 
(exchange)  ratio  than  a  .001  N  Rb*SC*N  vs.  .01  N  RbSCN  cell  (Cell  B)(10:l). 
In  this  case,  the  larger  the  ratio,  the  larger  the  selectivity.   However,  this 
is  not  true  with  cells  in  which  the  radioactivity  is  in  the  more  concentrated 
solution,  e.g.,  the  selectivity  of  the  .1  N  Rb*SC*N  vs.  .01  N  Rb  SC  N  cell 
(Cell  C)(10:l)  is  higher  than  that  of  the  .1  N  Rb*SC*N  vs.  .001  N  RbSCN  cell 
(Cell  D)  (100:1). 

The  reason  for  this  lies  in  the  maximum  possible  percent  exchange  that  the 
Donnan  equilibrium  will  allow  for  each  cell.   For  Cell  A  it  is  possible  for 
99%  of  the  radioactive  ions  to  cross  the  membrane  and  become  distributed  in 
the  same  ratio  as  the  non-radioactive  ions.   In  Cell  B  only  91%  finally  will 
be  distributed  across  the  membrane — in  Cell  C  9%  and  in  Cell  D  only  1%.   Since 
there  is  a  constant,  although  small,  exchange  or  leak  of  Rb+  across  the 
membranes,  the  faster  the  exchange  of  the  SCN~  the  larger  the  selectivity. 
And  it  is  this  rate  of  SCN~  exchange  that  is  dependent  on  the  maximum  possible 
percent  exchange  based  on  the  Donnan  distribution. 


To  illustrate  this  with  figures; 


Max. 

% 

,  Possible 

Exch. 

Cell  A 

99 

Cell  B 

91 

Cell  C 

9 

Cell  D 

1 

%  SC*N         %  Rb*+  SCN' 

Exch/hr 


„°  ,  „           „, X  exchange  ratio 
Exch/hr  Rb+ ° 


8.1         .0022  3,680 

3.0         .0079  380 

.24         .0024  100 

.085        .0023  37 

Although  the  exchange  rates  of  the  cells  can  not  be  exactly  compared  with  each 

other  because  the  same  membranes  were  not  used  in  all  the  cells,  they  do  show 
the  effect. 
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An  additional  factor  is  the  competition  that  the  radioactive  ions  have  with  the 
non-radioactive  ions  (on  the  same  side  of  the  membrane)  in  exchanging  across 
the  membrane.   Certainly  with  a  given  amount  of  radioactivity  in  each  cell,  if 
that  radioactivity  is  in  a  .IN  solution  it  has  100  times  more  ions  competing 
for  exchange  sites  than  if  it  were  in  a  .001  N^  solution.  M 

This  finding  enabled  cells  to  be  assembled  which  showed  very  high  transport 
selectivity  for  anions  vs.  cations,  e.g.,  3,680:1  while  showing  through  the 
concentration  potential  that  the  membrane  was  electrically  selective  to  cations. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Movement  of  ions  through  membranes  and  electrical  potentials  across  them  are 
important  aspects  of  all  life  processes.   The  project  tries  to  provide  solidly 
founded,  nonspeculative  physico-chemical  background  information  on  the  func- 
tional behavior  of  membranes  in  general.   At  the  same  time,  these  membrane 
studies  have  furnished  a  new,  now  widely  used  tool  for  the  electrometric 
determination  of  ion  activities — the  use  of  permselective  membranes  as  membrane 
electrodes.   The  work  of  recent  years,  such  as  model  studies  on  the  accumulation 
of  electrolytes  against  concentration  gradients,  on  the  physical  chemistry  of 
liquid  ion  exchange  membranes  of  extreme  ionic  selectivity,  on  carrier  trans- 
port, and  the  successful  prediction  of  certain  involved  effects  in  multi- ionic 
membrane  systems,  indicates  that  an  increasing  variety  of  complex  membrane 
effects,  similar  to  those  in  living  nature,  are  becoming  more  and  more  amenable 
to  a  fairly  complete  physico-chemical  analysis. 

Proposed  Course  of  Project: 

The  accumulation  of  ions  against  a  concentration  gradient  will  be  studied  with 
the  use  of  liquid  and  porous  ion-exchange  membranes.   Based  on  the  Donnan 
distribution  and  using  a  "driver"  electrolyte,  simultaneous  accumulations  of 
cations  and  anions  will  be  measured  across  mosaic  membranes. 

REPORTED  IN  PRESS  -  1977 

Shean,  G.  M. :   Bio-ionic  potentials  across  liquid  cation  exchanger  membranes, 
J.  Membr.  Sci.  2:  133-140  (1977). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

In  order  to  examine  the  effect  of  structure  on  the  course  of  the  oxa-diTi- 
methane  rearrangement  we  are  attempting  to  prepare  17S-hydroxy-5(10) estrene-2- 
one  by  a  new  synthetic  route.   In  an  earlier  study  we  showed  that  this  compound 
did  not  yield  the  oxa-diir -methane  rearrangement  product  (a  cyclopropyl  con- 
jugated ketone),  however,  as  the  result  of  latter  studies  we  now  wish  to 
examine  the  sensitized  (acetone)  photochemistry  of  this  compound. 
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Project  Description 

In  order  to  permit  a  more  rational  use  of  photochemical  reactions  in 
synthesis,  a  better  understanding  of  the  mechanism  and  stereochemical  require- 
ments of  these  reactions  is  necessary.   In  an  earlier  study  we  showed  that 
17S-hydroxy-5 (10)estrene-2-one  did  not  rearrange  to  a  cyclopropyl  ketone 
under  direct  irradiation.   It  was  found  later  that  most  oxa-diir-methane 
rearrangements  required  sensitization  and  did  not  proceed  under  direct  irra- 
diation.  We  are  now  quite  interested  in  the  stereochemistry  of  the  cyclo- 
propyl group,  if  we  can  effect  the  rearrangement,  since  it  may  provide 
information  as  to  which  conf ormation(s)  lead  to  rearrangement  products.   As 
our  earlier  synthesis  yielded  only  small  amounts  of  the  desired  ketone  we 
have  designed  a  new  synthesis  and  work  is  currently  in  progress  on  this 
reaction  sequence. 
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SUMMARY  OF  WORK  {200  *ords  or  less  -  underline  keywords) 

Several  studies  were  completed  in  which  optically  active  hydroaromatic  alco- 
hols were  prepared  by  microbial  reduction  and  their  configurations  elucidated. 
One  alcohol  (+) -tr ans-l-hydroxy-2-bromoindane ,  1,  was  prepared  by  microbial 
reduction  (Crypococcus  macerans)  of  2-bromoindan-l-one  and  its  absolute  stereo- 
chemistry was  established  as  1S_,  2S_  by  conversion  to  (-)-lR-indanol.   Stereo- 
specific  chemical  transformations  of  the  acetate  of  1  were  then  employed  to  pre- 
pare (-)-cis-  and  (-)-trans-l ,2-indane  diol.   This  information  has  been  used  to 
assign  the  configuration  of  metabolites  (rabbit)  of  indene  and  2-indanone. 

Microbial  reductions  of  three  isomeric  acylpyridines  were  also  carried 
out  to  clarify  the  configurations  assigned  to  the  alcohols.   In  each  case 
reduction  yielded  the  S_  alcohol  in  high  chemical  and  optical  yield.   Their 
configurations  were  established  by  transformation  to  methyl- (S_)-0-acetyllactate. 

These  studies,  in  conjunction  with  earlier  work,  demonstrate  the  stereo- 
specific  nature  of  these  reductions  and  their  value  to  determining  the  structure 
of  metabolites  and  natural  products. 
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Project  Description: 

For  a  variety  of  studies  in  pharmacology  and  molecular  biology  it  is 
very  desirable  and  frequently  essential  to  have  both  enantiomers  of  the  com- 
pound under  investigation  in  order  to  distinguish  between  specific  and  non- 
specific effects.   We  have  therefore  extended  our  original  studies  on  asym- 
metric syntheses  to  develop  procedures  for  preparing  compounds  of  high  optical 
purity  and  for  converting  the  alcohols  obtained  to  amines  and  other  deriva- 
tives.  In  our  earlier  studies,  we  found  that  microbiological  reductions  of 
hydroaromatic  ketones  yielded  alcohols  of  a  predictable  absolute  stereochemis- 
try and  in  high  optical  purity.   In  asymmetric  chemical  reductions  optical 
yields  vary  widely  and  the  absolute  stereochemistry  of  the  products  is  unpre- 
dictable.  In  order  to  improve  the  yields  in  the  microbiological  reductions, 
we  screened  a  variety  of  micro-organisms  and  now  have  one  strain  with  the  same 
"product  stereospecif icity"  as  Sporobolomycetes  pararoseus  but  yielding  3  to 
5  times  more  alcohol. 

We  have  continued  studies  on  the  microbial  reductions  of  a  variety  of 
aryl  and  heterocyclic  ketones.   The  configurations  of  a  series  of  pyridyl- 
ethanols  obtained  from  the  reduction  of  the  three  isomeric  acetylpyridines , 
have  been  shown  to  be  S_,  i.e.  the  same  as  that  obtained  from  reduction  of  the 
corresponding  carbocyclic  compound   These  results  are  consistent  with  the 
configurations  predicted  by  means  of  Prelog's  rule.   The  rule  emphasizes  the 
size  (bulk)  of  substituents  flanking  a  carbonyl  group,  rather  than  attaching 
importance  to  the  charge  distribution  on  the  substituents,  in  predicting 
the  configuration  of  the  products  formed. 

In  addition  to  determining  the  configuration  of  reduction  products  of 
simple  ketones,  we  have  also  examined  substrates  with  more  than  one  func- 
tional group  such  as  a-diketones,  a-acetoxyketones  and  a-haloketones .  In 
the  latter  case  the  product,  an  optically  active  trans  halohydrin,  was 
employed  to  synthesize  and  determine  the  absolute  stereochemistry  of  cis- 
and  trans-1, 2-indane  diol,  metabolites  (rabbit)  of  indene  and  2-indanone. 
The  trans  halohydrin  was  also  used  to  prepare  (+)-l, 2-indene  oxide.  This 
and  other  optically  active  oxiranes  (epoxides)  are  difficult  to  obtain  by 
asymmetric  syntheses  and  their  optical  purities  are  usually  low  ("^^10%). 

In  addition  to  examining  the  products  of  microbial  reductions,  we  are 
using  a  strain  of  Rhizopus  nigricans  to  selectively  hydrolyse  several 
acetates  of  hydroaromatic  alcohols.   There  is  only  one  reported  example  of 
a  stereoselective  hydrolysis  where  the  acid  is  achiral.   The  method,  if 
general,  is  potentially  very  valuable  because  it  affords  both  enantiomers, 
one  as  the  alcohol  and  the  other  as  the  ester.   These  are  readily  separable 
without  complicated  equipment.   Thus  far  these  hydrolyses  have  consistently 
yielded  the  R_  alcohol  with  optical  purities  of  20-80  percent.   Other  sub- 
strates will  be  examined  in  an  effort  to  identify  the  critical  steric 
factors  that  influence  the  course  of  the  hydrolysis. 
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In  addition  to  the  microbial  systems  described  above  we  are  examining 
the  stereospecif icity  of  products  formed  from  copper  catalysed  ring  opening 
reactions  of  oxiranes.   The  stereochemistry  of  the  products  differs  from  that 
of  other  ring  opening  reactions  and  therefore  the  reaction  may  be  useful  in 
asymmetric  syntheses. 

Proposed  Course  of  Project 

Several  studies  using  Rhizopus  nigricans  are  planned  in  order  to  deter- 
mine what  classes  of  compounds,  other  than  acetates  of  hydroaromatic  alcohols, 
can  be  stereoselectively  hydrolysed. 

We  are  interested  in  reactions  that  will  enable  us  to  convert  our  opti- 
cally active  alcohols  to  optically  active  allenes,  carboxylic  acids,  etc.   In 
order  to  effect  these  tranf ormations  we  plan  to  modify  existing  reactions  and 
are  trying  to  develop  new  ones. 

We  plan  to  explore  the  scope  and  limitations  of  metal  catalysed  oxirane 
ring  opening  reactions. 

Publications 

Kabuto,  K. ,  Imuta,  M. ,  Kempner,  E.  S.  and  Ziffer,  H.  :   Product  stereo- 
specificity  in  the  microbial  reductions  of  hydroaromatic  ketones.   J_. 
Org.  Chem.   In  press. 

Imuta,  M.  and  Ziffer,  H. :   Microbial  reduction  of  a  series  of  substituted 
benzils,  optical  properties  and  NMR  spectra  of  products.   J_.  Org.  Chem. 
In  press. 

Imuta,  M.  and  Ziffer,  H.  :   Preparation  and  absolute  stereochemistry  of 
isomeric  pyridylethanols  and  threo  di-(2-pyridyl) ethanediol.   J_.  Org. 
Chem.   In  press. 

REPORTED  IN  PRESS  -  1977 

Ziffer,  H.,  Kabuto,  K. ,  Gibson,  D.  T.,  Kobal,  V.  M.  and  Jerina,  D.  M. : 
The  absolute  stereochemistry  of  several  cis-dihydrodiols  microbially 
produced  from  substituted  benzenes.   Tetrahedron  33:   2491-2496,  1977. 
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SUMMARY  OF  WORK  (200  «ords  or  less  -  underline  keywords) 

A.   Macromolecular  structure,  dynamics  and  polyelectrolyte  properties  of  large 
biological  polymers,  in  particular  polynucleotides ,  are  being  studied  by 
electric-field  induced  dichroism  and  birefringence  methods. 


B.   Molecular  chiral  phenomena  are  being  examined  by  quantum  mechanical  calcula- 
tions, (CNDO/S  and  CNDO/2) ,  in  organic  compounds  containing  intrinsically 
dissymmetric  conjugated  systems. 
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Objectives : 

Macromolecular  Structure  and  Dynamics 

The  orientation  of  large  polymeric  molecules  in  pulsed  electric  fields  and 
their  disorientation  when  the  field  is  turned  off  can  be  studied  using  mono- 
chromatic polarized  light.   These  experiments  are  designed  to  obtain  either 
the  molecular  conformation  or  structure  in  solution  (from  the  dichroism,  which 
is  the  difference  between  the  changes  in  extinction  of  the  light  polarized 
parallel  and  perpendicular  to  the  electric  field  when  the  molecules  are 
completely  oriented  in  the  field)  or  the  dynamics  of  intramolecular  reorganiza- 
tion and  of  rotational  disorientation  (from  the  decay  of  the  dichroism  at  the 
end  of  the  field  pulse) .   Both  of  these  properties  are  significantly  affected 
by  the  presence  or  absence  of  free  charges  on  the  polymer. 

(a)  The  mechanism  of  orientation  of  linear  polyelectrolytes  in  strong  electric 
fields  has  been  a  subject  of  considerable  controversy  over  the  past  decade,  as 
measurements  of  structure  and  dynamics  of  both  polyelectrolyte  and  non- 
polyelectrolyte  polymers  using  the  polarization  properties  of  their  optical 
transitions  in  oriented  systems  have  come  into  increasing  use.   We  have  earlier 
developed  a  theory  which  proved  adequate  when  applied  to  the  interpretation  of 
measurements  of  the  electric  dichroism  of  non-polyelectrolyte  synthetic 
polymers.   The  biological  macromolecules  DNA  and  the  synthetic  polynucleotides 
are,  however,  charged.   Last  year  we  demonstrated  [see  publications]  that  the 
orientation  of  polyriboseadenylic  acid  [poly(A)]  in  low  ionic  strength 
solutions  was  consistent  with  qualitative  considerations  of  its  polyelectrolyte 
properties.   To  further  pursue  this  problem,  we  have  examined  the  orientation 
behavior  of  poly(A),  poly(C)  and  DNA  by  preturbing  their  ionic  environment  in 
ways  which,  based  on  the  theories  of  Manning  [Manning,  G.S.,  J.  Chem.  Phys.  51, 
924  (1969)]  and  of  Record  [Record,  M.T.  Jr.,  Woodbury,  C.P.  and  Lohman,  T.M. , 
Biopolymers  15_,  893  (1976)  ]  should  produce  predictable  effects  on  the  concen- 
tration of  positive  counter-ions  which  condense  on  the  negatively  charged 
polymer.   For  example,  in  unbuffered  solutions,  variation  in  the  solution 
ionic-strength  produces  changes  in  the  pK  and  thus  in  the  degree  of  protonation 
of  the  individual  bases.   The  theory  requires  that  the  condensed  counter-ion 
charge  vary  directly  with  the  degree  of  protonation  and  our  postulate  is  that 
over  a  wide  range  of  field  strengths  below  saturation,  the  electric  dichroism 
should  vary  linearly  with  the  counter-ion  concentration.   The  results  are  in 
exact  accord  with  this  prediction.   In  other  experiments,  we  have  demonstrated 
additional  conformance  of  the  orientation  phenomenon  to  polyelectrolyte 
behavior  of  polynucleotides  and  have  been  able  to  analyze  the  results  for 
differences  in  the  microstructure  between,  for  example,  double-stranded  poly (A) 
and  poly(C) . 

(b)  An  investigation  has  been  started  of  the  structural  effects  of  a  variety 
of  compounds  which  intercalate  between  the  nucleic  acid  bases  of  DNA  and 
polynucleotide  or  otherwise  alter  its  structure.   Although  binding  studies  with 
these  compounds  have  been  done  for  a  long  time,  neither  the  actual  mechanism  of 
the  binding,  nor  the  precise  structural  effects  are  known  with  any  degree  of 
certainty.   We  have  been  interested  in  the  possibility  that  the  binding  of 
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these  compounds,  some  of  which  are  mutagenic  or  otherx\?ise  biologically  signifi- 
cant, is  strongly  dependent  on  the  charge  density  of  the  DNA  and  the  synthetic 
polynucleotides,  as  well  as  on  the  specific  structure  and  charge  of  the  ligand- 
ing  compounds.   Additionaly,  a  number  of  structures  have  been  proposed  for 
purinepyrimidine  complexes  of  the  type  formed  in  RNA  and  DNA  in  which  one  of 
the  bases  extends  out  from  complex  center.   The  binding  studies  by  a  combina- 
tion of  standard  spectrophotometric,  and  circular  and  electric-field  induced 
dichroism  measurements  are  intended  to  determine  whether  these  structures 
persist  in  the  polynucleotides  and  to  examine  their  stability. 

(c)   The  electric  dichroism  and  birefringence  apparatus  on  which  we  depend  for 
most  of  our  macromolecule  studies,  has  been  modified  and  much  improved  in 
efficiency.   In  the  previous  version  of  this  apparatus,  which  has  served  well 
for  a  number  of  years,  the  analysis  of  the  data  of  experiments  which  take  only 
milliseconds  to  perform  have  required  of  the  order  of  ten  to  thirty  minutes, 
depending  on  whether  equilibrium  or  dynamic  data  are  required.   We  have  just 
completed  the  replacement  of  the  photographic  oscilloscope  by  a  Nicolet 
Explorer  oscilloscope  interfaced  with  a  Hewlett-Packard  programmable  calculator 
which  permits  the  data  analysis  to  be  completed  in  seconds,  thereby  opening  up 
a  whole  new  area  of  exploration  in  which  the  results  of  one  experiment  can  be 
used  to  design  the  following  experiment  in  the  midst  of  the  experiments. 


Molecular  Chiral  Phenomena 

The  semi-empirical  quantum  mechanical  molecular  orbital  treatment  of  the  effect^ 
of  allylic  substitutents  on  the  chiral  properties  of  the  electronic  transition 
of  dienes  which  we  have  used  to  explain  the  optical  activity  of  a  series  of 
compounds  containing  different  stereochemical  allylic  groupings  [Rosenfield, 
J.S.  and  Charney,  E. ,  J.  Amer.  Chem.  Soc.  99,  3209  (1977)]  has  been  applied  to 
the  calculation  of  the  circular  dichroism  of  two  additional  allylic  arrange- 
ments in  molecules  prepared  by  Andrzej  Galat  at  the  Institute  of  Biology  in 
Olsztyn,  Poland.   This  brings  to  seven  of  the  eight  most  significant,  and 
sixteen  possible  allylic  arrangements  of  hydrogen  and  methyl  groups  in  chiral 
cyclic  hexadienes  that  have  now  been  successfully  treated  by  this  method.   In 
particular,  the  chiral  optical  behavior  of  some  cyclohexadienes  previously 
considered  anomolous  is  now  explained  by  the  new  treatment. 

Proposed  Course  of  the  Project: 

The  results  that  the  initial  work  on  the  effect  of  the  polyelectrolyte 
properties  of  polynucleotides  have  on  their  orientation  in  electric  fields  is 
significant  enough  to  warrant  a  whole  range  of  further  work  in  this  field. 
Our  most  immediate  goals  are  to  determine  the  functional  dependence  of  the 
field-induced  orientation  on  the  microstructural  parameters  of  the  polynucleo- 
tides.  We  are  proceeding  first  with  an  examination  of  the  dependence  of  how 
the  degree  of  the  protonation  of  polynucleotides  varies  with  the  concentration 
of  Na+  and/or  Li+  counter-ions.   Semi-quantitative  results  are  available  for 
poly(A),  but  not  for  DNA  and  the  other  polynucleotides.   The  work  on  the 
binding  of  charged  intercalating  compounds  will  be  incorporated  in  these 
studies. 
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Structural  studies  of  double-stranded  poly(C)  using  optical  activity  and 
electric  dichroism  are  expected  to  be  brought  to  a  conclusion  this  year. 
Studies  of  the  hydrodynamic  relaxation  times  from  electric  birefringence  and 
dichroism  measurements  with  the  liganded  and  sometimes  intercalated  dyes  are 
just  getting  underway. 

Publications: 

Chamey,  E.  and  Milstien,  J.B.:   Electric  dichroism  of  polyriboadenylic  acid, 
Biopolymers  17:  1629-1655  (1978). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

EPR  studies  on  dimerization  of  Cu(II)  porphyrins,  Cu(II-cytochrome  c,  and 
corresponding  octa-  and  undeca-peptides  have  been  conducted  as  a  main  effort 
of  this  project.   Continued  work  on  cytochrome  P-450  and  the  related  systems 
has  been  carried  out  on  collaborative  basis  with  the  investigators  outside 
of  our  laboratory. 
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Project  Description: 

The  purpose  of  this  project  is  to  clarify  the  structure-function  relationship 
of  the  paramagnetic  centers  in  various  biological  systems,  especially  the 
transition  metal  ions.   Simple  model  systems  have  been  used  to  simulate  the 
actual  biological  molecules.   Magnetic  measurements  are  made  by  using  EPR 
(electron  paramagnetic  resonance)  spectroscopy  and  Faraday  balance  suscepto — 
meter,  combined  with  cryogenic  techniques.   The  ENDOR  (electron  nuclear  double 
resonance)  attachment  to  the  ERP  spectrometer  is  being  fabricated.   The  data 
obtained  are  used  to  gain  information  on  the  electronic  structure  of  the  metal 
ion,  the  symmetry  and  the  strength  of  the  field  surrounding  the  ion.   The  mode 
of  interaction  of  the  ion  with  the  exogenous  ligand  can  also  be  studied. 

Major  Findings: 

1.  (With  Dr.  Chikira  and  Dr.  Smith) 

Dimer  formation  of  Cu(II)-octaethylporphyrin  (OEP)  and  corresponding  meso- 
nitro,  oijp-meso-dinitro,  and  a,Y-meso-dinitro  derivatives  has  been  studied 
by  EPR.   Similar  studies  in  the  past  normally  suffered  from  lack,  of  spectral 
resolution  in  AM  =  rl  transitions  and  had  to  rely  on  an  elaborate  line  shape 
simulation  of  the  AM  =  2  transition  to  extract  structural  information.   We 
obtained,  in  contrast,  in  the  above  complexes,  the  excellent  spectral 
resolution  in  AM  =  ±1  absorptions  to  enable  more  accurate  analyses.   Our 
results  demonstrate  that  introducing  one  or  two  strongly  electron-withdrawing- 
NO2  group  affects  both  the  extent  of  dimerization  and  the  structure  of  the 
dimeric  species,  and  substantiate  the  importance  of  metal-ligand  (porphyrin) 
electronic  polarization  in  dimer  formation.   The  metal-metal  distances  and  the 
lateral  shifts  of  the  two  porphyrin  planes  were  determined  from  observed 
spectra. 

2.  (With  Dr.  Chikira  and  Dr.  Matsuura) 

On  the  basis  of  the  above  study,  the  dimer  formation  of  cytochrome  c  with  its 
iron  replaced  by  Cu(II)  was  investigated.   In  the  pH  ranges,  4-6  and  6-11.5, 
the  structure  around  Cu(II)  takes  two  different  forms  depending  upon  whether 
the  18-his  is,  respectively,  unbound  or  bound  to  Cu(II)  in  the  axial  site. 
Outside  of  the  pH  ranges,  each  monomer  forms  a  distinct^dimeric  species:  the 
one  existing  above  pH  11.5  has  the  Cu-Cu  distance,  ^^4.2A,  with  the  angle  (S) 
between  Cu-Cu  axis  and  the  normal  to  the  porphyrin  plane  being  '-20°,  while 
the  dimeric  structure  in  the  acid  range  (<pH4)  has  5^40°  with  about  the  same 
Cu-Cu  distance,  making  the  interplane  distance  somewhat  shorter.   Similar 
studies  were  also  carried  out  with  undeca-  and  octa-peptide  of  Cu(II)- 
cytochrome  c. 

3.  (Collaborative  works  on  cytochrome  P-450  and  related  systems  with 
Dr.  Menard) 

Spironolactone,  a  diuretic  steroid  being  used  clinically,  is  known  to  cause 
depletion  of  microsomal  cytochrome  P-450  in  tissues  which  have  a  high 
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activity  of  steroid  17a-hydroxylase.   EPR  provides  a  direct  method  to  monitor 
the  process  in  vivo  and  in  vitro  by  observing  the  low-spin  signal  intensity. 
It  is  proven  that  the  sulfur  atom  located  at  the  carbon  7a-position  of  sprio- 
nolactone  is  required  for  the  loss  of  heme  and  apoprotein  of  adrenat   or 
testicular  cytochrome  P-450.      The  loss  is  explained  to  occur  as  the  result  of 
conversion  of  spironolactone  to  an  active  metabolite  which  in  turn  destroys 
the  heme  group. 

(With  Dr.  Bachur) 

Free  radical  formation  of  anticancer  drugs  which  have  quinone  as  the  structural 
unit  has  been  suspected  for  some  time  in  relation  to  the  mechanism  of  their 
activity.   By  direct  observation  of  free  radical  signals,  it  is  demonstrated 
that  cytochrome  P-450  reductase  in  the  presence  of  NADPH  is  involved  in  the 
free  radical  formation  and  that  cytochrome  P-450  is  not,  leading  to  a 
proposed  mechanism  of  cytotoxic  action  of  these  agents. 

(With  Dr.  Rispin  and  Dr.  Nebert) 

An  investigation  was  conducted  on  the  effect  of  pretreatment  of  test  animals, 
tissue  types,  method  of  tissue  preparation,  and  buffers  on  the  spin  state  and 
microsomal  levels  of  cytochrome  P-450.  Some  of  the  results  are:  extrahepatic 
tissues  in  rabbit  show  g=8/g=2.2  signal  ratios  which  are  similar  to  each 
other,  and  independent  of  pretreatment.  Liver,  kidney,  and  lung  manifest  the 
effect  of  induction,  while  induction  has  no  effect  in  intestine  P-450  levels. 
Stress  and  starvation  may  enhance  g=8/g=2.2  ratio  slightly. 

Proposed  Course  of  Project: 

EPR  studies  on  dimeric  systems  will  be  extended  to  include  heme  irons. 
Collaborative  studies  on  adrenal  microsomal  P-450  (with  Dr.  Menard)  will 
continue  with  a  focus  on  the  interaction  of  P-420  form  with  various  sulfur- 
containing  molecules. 

Publications : 

Chikira,  M. ,  Kon,  H.,  Hawley,  R.A.,  and  Smith,  K.M. :   ESR  Study  of  dimers  of 
Cu(II)-Octaethylporphyrin  and  the  meso-nitro  and  meso-di-nitro  derivatives  in 
solution.   J.C.S.  Dalton  (in  press). 

Chikira,  M. ,  Kon,  H. ,  and  Smith,  K.M. :   ESR  evidence  for  dimer  formation  in 
high  spin  Fe(III)  octaethylporphyrin  and  meso-nitro-octaethylporphyrin. 
J.C.S.  Chem.  Comm.  (in  press) . 
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Rispin,  A.S.,  Sato,  M. ,  and  Kon,  H. :   Crystal  field  calculation  of  g  values  an 
zero-field  splitting  for  high  spin  ferric  complexes  of  rhombic  character. 
Theor.  Chim.  Acta  (in  press). 
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Bachur,  N.R.,  Gordon,  S.L.,  Gee,  M.V.,  and  Kon,  H.:   NADPH  cytochrome  P-450 
reductase  activation  of  quinone  anticancer  agents  to  free  radicals.   Proc. 
Nat.  Acad.  Sci.  USA  (in  press). 

Menard,  R.H.,  Guenthner,  T.M.,  Kor,  H. ,  and  Gillette,  J.R.:   Studies  on  the 
destruction  of  adrenal  and  testicular  cytochrome  P-450  by  spironolactone. 
J_.  Biol.  Chem.  (in  press)  . 

REPORTED  IN  PRESS  -  1977 

Sato,  M. ,  Kon,  H.,  Kumaki,  K.  and  Nebert ,  D.W. :   Comparative  EPR  study  on 
high  spin  ferric  porphine  complexes  and  cytochrome  P-450  having  rhombic 
character.   Biochim.  Biophys.  Acta  498:  403-421,  1977. 

Walker,  G.A.,  Kon,  H.  and  Lovenberg,  W. :   An  investigation  of  the  copper 
site(s)  of  dopamine-i3-hydroxylase  by  EPR.   Biochim.  Biophys.  Acta  482:  309- 
322,  1977. 

Kumaki,  K. ,  Sato,  M. ,  Kon,  H. ,  and  Nebert,  D.W. :   Correlation  of  type  I, 
type  II,  and  reverse  type  I  difference  spectra  with  absolute  changes  in  spin 
state  of  hepatic  microsomal  cytochrome  P-450  iron  from  fine  mammalian  species, 
J.  Biol.  Chem.  253:  1048-1058,  1978. 

Nebert,  D.W.,  Kumaki,  K. ,  Sato,  M. ,  and  Kon,  H. :   Association  of  type  I, 
type  II  and  reverse  type  I  difference  spectra  with  spin  state  of  cytochrome 
P-450  iron.   Proc.  Third  International  Symposium  on  Microsomes  and  Drug 
Oxidation,  Hamburg,  Germany,  1977,  pp.  224-231. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

1.   The  partially  resolved  rotational  contour  of  one  member  of  the  strong 
Rydberg  series  of  butadiene  was  analyzed.  The  absorption  band  was  demonstrated 


to  arise  from  the  predicted  'A  ^  'A  transition. 

2.  The  ultraviolet  absorption  spectra  of , (SiHs^aij  (GeH3)2S,  [SiXCHslsiaS.  and 
[C(CH3)3]2S  were  recorded  from  2300-1200  A.   These  and  the  published  spectra  of 
other  symmetrically  substituted  sulfides  were  collectively  analyzed.   Some  of 
the  published  assignments  of  H2S,  (CH3)2S,  and  [C(CH3)3]2S  are  revised. 

3.  The  absorption  spectra  of  ais   and  trans-difluoroethylene  and  their  perdeu- 
terated  isomers  were  measured  between  1200  and  1650A.   The  spectrum  of  each 
molecule  is  analyzed  into  several  Rydberg  series  to  the  lowest  ionization 
potential,  and  the  3s-Rydberg  transition  to  the  second  ionization  potential  of 
the  trans -molecule.   The  d-Rydberg  series  in  each  molecule  is  deduced  to  be 

a  d6-series  to  the  bg  orbital  in  trans-dif luoroethylene  and  to  the  ag  orbital 
in  cts-difluoroethylene,  ^14 
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Project  Description: 

The  aims  of  this  research  are  to  engender  a  better  understanding  of  the 
electronic  structure  of  molecules  and  to  provide  an  experimental  assessment  of 
the  progress  of  theoretical  models  of  and  calculations  on  molecules.   To  under- 
stand the  structure  of  molecules,  we  seek,  to  know,  among  other  factors,  the 
energies  of  and  energy  differences  between  different  electron  orbitals,  the 
geometric  rearrangements  accompanying  electron  promotion,  and  the  inductive 
effects  and/or  indirect  bonding  effects  of  one  chemical  group  on  another  to 
which  it  is  bonded.   To  attain  these  goals,  we  are  studying  electronic  absorp- 
tion spectroscopy  because  it  directly  provides  information  about  the  energy 
differences  between  orbitals  and  indirectly  provides  geometric  information. 
We  plan  to  additionally  employ  multiphoton  ionization  spectroscopy.   This 
technique  both  enables  optically  forbidden  transition  to  be  observed  and  per- 
mits the  observation  of  very  small  quantities  of  material. 

The  investigations  summarized  above  have  confirmed  a  long  accepted  assign- 
ment of  one  series  of  electronic  transitions  in  butadiene,  the  prototype 
conjugated  molecule.   They  have  enabled  a  detailed  orbital  assignment  to  be 
made  for  many  of  the  electronic  transitions  of  difluoroethylene.   They  have 
also  attempted,  not  fully  successfully,  to  resolve  a  long  standing  ambiguity  in 
the  assignments  of  the  electronic  spectra  of  symmetrically  substituted  sulfides. 

In  the  next  year  we  plan  to  initiate  a  series  of  investigations  of  the 
multiphoton  ionization  spectra  of  very  cold  gaseous  molecules.   Initially 
efforts  will  be  focussed  on  previously  investigated  molecules — ethylene, 
butadiene,  dimethylsulf ide — both  to  calibrate  the  new  system,  to  locate 
transitions  not  observable  in  the  optical  spectra,  and  to  resolve  problems 
remaining  in  the  interpretation  of  the  optical  spectra.   Once  types  of  optical 
results  obtainable  on  the  new  experimental  apparatus  have  been  characterized, 
we  will  investigate  the  limitations  on  the  types  of  molecular  systems  that  can 
be  studied  with  the  new  experimental  apparatus.   These  studies  are  anticipated 
to  continue  for  several  years. 

Publications: 

McDiarmid,  R. :   Transition  in  the  electronic  absorption  spectra  of  ais-   and 
trans-difluoroethylene,  J_.  Chem.  Phys .  ,  in  press. 

McDiarmid,  R.  :   An  experimental  observation  of  the  origin  of  the  V  -»■  N  transi- 
tion of  ethylene,  J.  Chem.  Phys.,  67:  3835-3866,  1977. 

McDiarmid,  R. :  Assignments  in  the  ultraviolet  spectra  of  symmetrically 
substituted  sulfides,  J.  Chem.  Phys.,  68:  945-949,  1978. 

Ransom,  E.D.,  Innes ,  K.K.  and  McDiarmid,  R. :   Polarization  of  the  strongest 
Rydberg  transition  of  1,3-butadiene,  J.  Chem.  Phys.,  68:  2007-2006,  1978. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  thermodynamics  and  kinetics  of  the  gelation  of  sickle  cell  hemoglobin  are 
being  investigated  in  order  to  develop  an  inhibitor  of  the  reaction  that  could 
be  used  as  a  therapeutic  agent. 
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Objectives : 


The  major  aim  of  this  work  is  to  elucidate  the  molecular  mechanism  of  hemo- 
globin S  gelation  in  order  to  provide  a  rationale  for  the  development  of 
agents  that  can  be  used  in  the  treatment  of  patients  with  sickle  cell  disease. 

Methods  Employed: 

In  addition  to  conventional  biochemical  and  physical  methods  a  variety  of 
specially-designed  techniques  have  been  employed  to  study  the  gelation 
reaction.   These  include  microspectrophotometry ,  linear  dichroism  and 
birefringence,  turbidity,  water  proton  NMR  linewidths,  scanning  micro- 
calorimetry,  temperature  perturbation  kinetics,  and  laser-induced  photolysis. 

Major  Findings: 

I.   Molecular  Mechanism  of  Hemoglobin  S  Gelation 

This  study  is  aimed  at  providing  a  theoretical  model  for  the  molecular 
mechanism  of  gelation  that  makes  quantitative  predictions  of  the  kinetic 
behavior  of  the  system,  and  yields  parameters  that  can  be  interpreted  in  terms 
of  molecular  structure.   A  complete  model  consists  of  a  series  of  coupled 
differential  equations  that  describe  nucleation,  growth  and  alignment  of 
polymers.   Numerical  integration  of  a  limited  set  of  equations  had  shown  that 
equilibrium  nucleation  of  individual  polymers  is  approximately  obeyed, 
permitting  an  enormous  simplification  of  the  theoretical  treatment. 

With  the  equilibrium  nucleation  assumption  a  simple  theory  for  the  early 
part  of  the  polymerization  reaction  was  developed.   The  equilibrium  constant 
for  nucleation  is  derived  from  the  equilibrium  constant  for  overall  polymer 
formation,  assuming  that  the  nucleus  is  a  small  piece  of  the  infinite  polymer. 
This  equilibrium  constant  is  then  used  to  describe  the  rate  of  nucleation. 
Growth  of  the  polymer  from  nuclei  is  incorporated,  following  the  analytical 
formalism  developed  by  Gosawa.   For  both  nucleation  and  growth  the  activity 
coefficients  are  included  in  the  rate  constants.   This  is  a  central  aspect  of 
the  theory,  since  thermodynamic  studies  have  shown  that  non-ideality  arising 
from  excluded  volume  effects  plays  a  central  role  in  these  very  concentrated 
protein  solutions.   Integration  of  the  resulting  expressions  yield  an 
analytical  expression  for  the  delay  time,  which,  after  taking  the  appropriate 
derivatives,  makes  specific  numerical  predictions  for  the  dependence  of  the 
delay  time  on  initial  concentration,  temperature,  and  equilibrium  solubility. 
For  all  three  derivatives  the  agreement  of  theory  and  experiment  is  remarkably 
good.   The  theory  clearly  shows  that  the  extreme  sensitivity  of  the  delay  time 
to  these  variables  is  due  in  large  part  to  the  non- ideality  terms.   A  major 
theoretical  problem  remains,  however.   The  theory  fails  to  predict  the  shape 
of  the  progress  curve,  suggesting  that  some  additional  physical  process,  such 
as  nucleation  of  aligned  polymer  domains,  must  be  incorporated  into  the  model. 
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II.  Molecular  Mechanism  of  Gelation  of  Hemoglobin  S  in  Mixtures  with 
Hemoglobins  A  or  F 

A  study  has  been  completed  on  the  solubility  and  delay  times  of  deoxy- 
hemoglobin  S  in  mixtures  with  hemoglobins  A  and  F.   The  solubility  is  defined 
as  the  total  hemoglobin  concentration  in  the  supernatant  obtained  after 
sedimentation  of  the  polymers.   A  thermodynamic  model  was  developed,  based  on 
the  approach  of  A.  P.  Minton  (NIAMDD)  with  the  inclusion  of  non- ideality .   The 
increase  in  solubility  with  increasing  mole  fraction  of  HbF  can  be  accounted 
for  by  a  model  in  which  the  a2Y2  ^^d  a26^Y  species  do  not  copolymerize,  but 
act  to  decrease  the  solubility  of  the  polymerizing  02?^  species  through  their 
excluded  volume  effect.   The  corresponding  data  in  HbS-HbA  mixtures  require 
copolymerization  of  at  least  the  026  8  hybrid  species.   The  best  fit  of  the 
parameters  of  the  equilibrium  equations  to  the  data  indicates  that  the  hybrid 
molecules  copolymerize  with  a  probability  (=62)  of  about  0.25  relative  to  the 
a262  molecules. 

To  rationalize  the  delay  time  data  on  the  mixtures,  the  kinetic  model, 
discussed  in  part  I  of  this  report,  was  extended  to  include  polymerization  of 
more  than  one  species.   The  essential  element  of  the  theory  is  that  the  nuclei 
are  assumed  to  be  in  constant  equilibrium  with  monomer,  as  in  the  one-component 
theory,  and  to  have  the  same  composition  as  the  infinite  polymer.   The  result- 
ing analytical  expression  for  the  relative  delay  time  as  a  function  of  compo- 
sition contains  three  free  parameters,  e^  from  the  thermodynamic  theory,  n, 
the  size  of  the  critical  nulceus,  and  5,  the  fraction  of  bonds  in  the  nucleus 
that  are  missing  relative  to  the  infinite  polymer.  Jr 

Assuming  the  value  of  e   from  the  thermodynamic  results,  the  effect  of 
the  composition  of  the  mixture  can  be  quantitatively  explained  with  physically- 
reasonable  values  of  n  and  5. 

III,  Clinical  Relevance  of  Mixture  Data 

The  delay  time  of  gelation  has  been  found  to  be  extremely  sensitive  to 
physiological  variables  such  as  total  hemoglobin  concentration  and  fractional 
saturation  with  ligand,  and  moderately  sensitive  to  pH,  salt  concentration, 
and  temperature  (near  37°C).   Changes  in  these  variables  which  decrease  the 
delay  time  appear  to  be  associated  with  increased  clinical  severity  of  sickle 
cell  disease.   We  have  explained  these  findings  with  a  pathophysiological 
mechanism  in  which  a  decrease  in  the  delay  time  of  intracellular  gelation, 
relative  to  the  capillary  transit  time,  increases  the  probability  of  intra- 
capillary  sickling;  blockage  of  the  microcirculation  is  then  possible,  with 
consequent  tissue  anoxia  and  organ  damage.   An  increase  in  the  delay  time, 
permitting  cells  to  escape  the  narrow  capillaries  before  gelation  has  begun, 
is  therefore  predicted  to  result  in  amelioration  of  the  disease. 


We  have  therefore  carried  out  kinetic  experiments  designed  to  answer  the 
question:  how  much  must  the  in  vitro  delay  time  be  increased  to  obtain  a 
given  therapeutic  effect  in  patients?  Our  approach  has  been  to  investigate 
the  gelation  kinetics  of  hemoglobin  S  in  mixtures  with  normal  adult  hemoglobin 
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(A)  or  fetal  hemoglobin  (F) .   Increased  proportions  of  these  normal  hemoglobins, 
if  homogeneously  distributed  in  the  red  cell  population,  are  known  to  be 
associated  with  decreased  clinical  severity.   By  correlating  the  delay  time 
data  on  specific  hemoglobin  mixtures  with  the  data  on  the  associated  clinical 
course,  we  have  obtained  a  quantitative  estimate  of  the  increase  in  the  in 
vitro  delay  time  required  to  produce  a  particular  clinical  status.   These 
results,  together  with  other  kinetic  data,  have  then  been  used  to  evaluate 
various  therapeutic  strategies. 

In  the  double  heterozygous  conditions  of  sickle/8+— thalassemia,  the  red 
cell  contains  about  15-30%  hemoglobin  A.   In  mixtures  of  these  compositions, 
we  measured  a  10-100  fold  increase  in  delay  time  relative  to  deoxyhemoglobin  S 
alone  at  the  same  total  hemoglobin  concentration.   Although,  as  in  homozygous 
sickle  cell  (S/S)  disease,  the  clinical  severity  is  quite  variable,  S/S+- 
thalassemia  is  in  general  less  severe  than  S/S  disease.   Our  kinetic  results 
would  suggest,  then,  that  some  therapeutic  effect  might  result  if  the  delay 
time  of  gelation  were  increased  by  a  factor  of  10-100.   In  the  double  hetero- 
zygous condition  of  sickle/hereditary  persistence  of  fetal  hemoglobin  (S/HPFH) , 
the  red  cell  contains  about  20-30%  hemoglobin  F.   Such  mixtures  exhibited 
increases  in  the  delay  time  of  10^-10   fold.   Since  this  condition  produces  a 
much  milder  clinical  course  than  S/S  disease,  increasing  the  delay  time  by  a 
factor  of  lO^-lO'*  can  reasonably  be  expected  to  have  a  major  therapeutic  effect 
in  patients.   Finally,  in  sickle  cell  trait  the  red  cell  contains  about  60% 
hemoglobin  A  and  40%  hemoglobin  S.   The  increase  in  delay  time  found  for  a 
mixture  of  this  composition  was  about  10^-fold.   Patients  with  sickle  cell 
trait  rarely  exhibit  any  clinical  manifestations.   Increasing  the  delay  time, 
then,  by  about  a  factor  of  10°,  could  be  expected  to  produce  a  "cure"  of  S/S 
disease. 

Three  different  strategies  have  been  suggested  to  increase  the  delay  time 
of  intracellular  gelation.   One  is  to  directly  inhibit  polymerization  with 
molecules  that  competitively  bind  to  sites  of  intermolecular  contact.   A 
second  is  to  inhibit  polymerization  indirectly  by  increasing  the  hemoglobin 
oxygen  affinity,  thereby  increasing  the  fractional  saturation  in  capillaries. 
A  third  strategy,  suggested  by  our  kinetic  studies,  is  to  decrease  the  intra- 
cellular hemoglobin  concentration. 

We  have  estimated  the  requirements  for  each  strategy.   x  (the  fractional 
occupancy  of  a  perfect  inhibitory  site) ,  Ac  (the  decrease  in  intracellular 
hemoglobin  concentration),  and  Ap^Q  (the  increase  in  oxygen  affinity).   The 
correlation  between  clinical  severity  and  our  delay  time  results  suggests  that 
the  values  of  x,  Ac  and  Ap   required  to  produce  a  "cure"  of  S/S  disease  are 
large,  and  will  be  difficult  to  achieve,  but  that  therapeutically  significant 
kinetic  inhibition  of  intracellular  gelation  could  be  accomplished  by  any  one 
of  the  three  approaches. 

A  considerable  number  of  inhibitors  of  gelation  have  been  proposed  in 
recent  years  as  specific  drugs  for  sickle  cell  disease.   The  results  of  our 
kinetic  study  should  provide  a  useful  framework  for  assessing  the  therapeutic 
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potential  of  these  inhibitors,  particularly  in  analyzing  the  problem  of 
gelation  inhibition  versus  toxicity.   Because  very  large  doses  of  any  single 
drug  would  be  necessary  to  obtain  a  therapeutic  effect  in  patients,  it  will 
probably  be  necessary  to  employ  several  drugs  simultaneously,  taking  advantage 
of  the  multiple  methods  by  which  the  delay  time  of  intracellular  gelation  can 
be  increased. 

IV.  Photolysis  of  Carbonmonoxyhemoglobin  S 

The  polymerization  of  hemoglobin  S  has  been  rapidly  induced  by  the 
photolysis  of  samples  saturated  with  carbon  monoxide.   We  have  used  an  argon 
laser  to  prepare  and  maintain  samples  at  arbitrary  saturation  in  a  photo- 
stationary  state,  permitting  measurements  of  polymerization  rates  a  thousand- 
fold faster  than  previously  possible.   A  characteristic  delay,  exhibiting  a 
very  high  (50th  power)  concentration  dependence,  persists  even  in  highly 
concentrated  samples  where  the  polymerization  is  complete  within  milliseconds. 
Polymerization  both  in  solution  and  in  intact  SS  erythrocytes  has  been  found 
to  occur  rapidly  compared  to  the  time  required  for  a  cell  to  traverse  a 
capillary,  lending  support  to  the  kinetic  hypothesis  for  the  severity  of 
sickle  cell  disease.   Studies  of  the  concentration  and  temperature  dependence 
of  the  polymerization  kinetics  can  now  be  extended  to  cover  8  decades  in  time 
permitting  stringent  tests  of  the  polymerization  mechanism.   See  the  annual 
report  //Z01-AM-29016-03-LCP  for  a  more  detailed  description  of  this  project. 

V.  Light  Scattering  and  Birefringence  Studies  of  Hemoglobin  S  Gelation 
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These  types  of  studies  have  been  carried  out  in  an  effort  to  answer 
several  questions  about  the  polymer  phase  and  the  kinetic  process  by  which  it 
is  formed.   The  first  problem  is  the  origin  and  shape  of  the  polymerization 
progress  curve,  exhibiting  a  pronounced  delay  followed  by  rapid  polymerization. 
Light  scattering  studies  have  shown  that  the  curve  is  autocatalytic  and  data 
have  been  collected  which  will  allow  comparison  of  progress  curves  at  various 
concentrations  and  temperatures.   The  second  question  concerns  the  process  by 
which  the  polymer  melts  when  the  solubility  is  suddenly  increased  by  a  negative 
temperature  jump.   The  melting  observed  both  by  birefringence  and  light 
scattering  appears  first  order  and  has  an  apparent  negative  activation  energy. 
The  melting  kinetics  exhibit  the  behavior  expected  from  the  dissolving  of  a 
molecular  crystal.   The  recovery  of  the  delay  time  commences  only  after  the 
disappearance  of  observable  birefringence,  but  closely  coincides  with  the 
disappearance  of  the  more  sensitive  light  scattering  signal.   The  third 
question,  and  the  most  difficult  to  analyze,  concerns  the  mechanism  by  which 
monomer  adds  to  or  dissolves  from  the  polymer  phase.   The  kinetics  have  been 
examined  by  both  birefringence  and  turbidity  measurements  and  are  complex. 
The  observed  behavior  suggests  that  alignment  of  polymers  is  slow  compared  to 
monomer  addition,  but  that  the  more  highly  aligned  pol3rmers  may  be  thermo- 
dynamically  more  stable  than  those  which  are  more  randomly  oriented.    These 
hypotheses  remain  to  be  tested.   See  the  annual  report  //Z01-AM-29016-03-LCP 
for  a  more  detailed  description  of  this  project. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Our  kinetic  studies  constitute  a  totally  new  approach  to  understanding  the 
pathophysiology  of  sickle  cell  disease  and  to  the  development  of  therapeutic 
measures. 

The  theoretical  approaches,  the  experimental  results,  and  the  methods 
developed  in  this  investigation  should  contribute  to  a  general  understanding 
of  other  macromolecular  self-assembly  processess. 

Proposed  Course  of  Project: 

The  results  of  temperature  perturbation  experiments  will  be  analyzed, 
with  the  specific  aim  of  testing  models  for  the  structure  of  the  gel.   A 
systematic  investigation  of  photoinduced  polymerization  of  carbonmonoxy- 
hemoglobin  S  will  be  carried  out  in  order  to  establish  the  kinetic  behavior 
of  gelation  of  short  times,  and  to  describe  the  binding  of  carbon  monoxide  by 
the  polymer.   Theoretical  models  will  be  explored  both  analytically  and 
numerically  to  rationalize  the  unusual  time  course  of  gelation.   The  acquisi- 
tion of  the  Hem-0-Scan  will  now  permit  the  investigation  of  gelation  in 
soT  jtions  partially  saturated  with  oxygen.   Having  established  quantitative 
criteria  for  therapeutically  useful  inhibition,  delay  time  measurements  will 
be  made  on  a  limited  number  of  proposed  drugs  for  sickle  cell  disease. 

Publications: 

Eaton,  W.A.,  Hofrichter,  J.:   Successes  and  failures  of  a  simple  nucleation 
theory  for  sickle  hemoglobin  gelation.  In  Caughey,  W.S.  (Ed.):  Proceedings  of 
Symposium  on  Clinical  and  Biochemical  Aspects  of  Hemoglobin  Abnormalities, 
(Academic  Press,  N.Y.),  in  press. 

Sunshine,  H.R. ,  Hofrichter,  J.  and  Eaton,  W.A. :   Requirements  for  therapeutic 
inhibition  of  sickle  hemoglobin  gelation.  Nature,  in  press. 

REPORTED  IN  PRESS  -  1977 

Ross,  P.D.,  Hofrichter,  J.  and  Eaton,  W.A. :   Thermodynamics  of  gelation  of 
sickle  cell  deoxyhemoglobin.   J.  Mol.  Biol. ,  115:  111-134,  1977. 
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Objectives: 

The  aim  of  this  research  is  to  relate  the  stereochemistry  and  electronic 
structure  of  biological  molecules,  particularly  proteins  with  chromophoric 
prosthetic  grups,  to  their  biochemical  reactivity  and  function. 

Methods  Employed: 

In  addition  to  conventional  biochemical  and  spectroscopic  methods,  techniques 
have  been  developed  for  measuring  anisotropic  optical  properties  on  micro- 
scopic samples.   Dr.  Hofrichter  has  designed  and  constructed  a  general  phase 
modulation  microspectrophotometer  which  is  capable  of  measuring  linear 
dichroism,  circular  dichroism,  linear  birefringence,  and  circular  birefring- 
ence with  sensitivity  comparable  to  commercial  instruments  used  for  macro- 
scopic samples.   The  instrument  also  measures  direct  polarized  absorption, 
and  is  interfaced  to  our  Honeywell  516  computer. 

In  order  to  interpret  the  electronic  spectra  in  terms  of  the  orbital  promotion 
mechanism  responsible  for  observed  electronic  transitions  we  have  used  the 
self  consistent  charge,  extended  Hllckel  LCAO-molecular  procedure  developed  by 
Gouterman  and  coworkers  at  the  University  of  Washington. 

For  measurement  of  transient  absorption  spectra  following  photolysis  of  oxy- 
and  carbonmonoxyhemoglobin  a  picosecond  spectrometer  in  the  laboratory  of 
Hochstrasser  at  the  University  of  Pennsylvania  was  employed.   The  spectrometer 
is  of  the  excite  and  probe  type  in  which  a  laser  harmonic  is  used  to  create  a 
suddei^  excitation  of  the  sample  and  the  absorption  spectrum  at  a  later, 
variable  time  is  measured  with  a  broad  band  continuum  pulse  as  a  source  and  an 
optical  multichannel  analyzer  system  as  a  detector.   Both  excitation  and  probe 
pulses  are  derived  from  a  single  8  ps  pulse  extracted  from  the  1.06  ym  output 
of  a  passively  mode-locked  Nd:  glass  laser.   The  instrument  is  capable  of 
measuring  full  double  beam  absorption  spectra  in  a  single  laser  shot  with  an 
accuracy  of  about  ±0.02  optical  density  units. 

Major  Findings: 

I.   Optical  spectra  and  electronic  structure  of  deoxy-,  oxy-,  and  carbon- 
monoxyhemoglobin. 

A  comprehensive  experimental  and  theoretical  investigation  of  hemoglobin 
optical  spectra  has  been  completed.   The  optical  spectra  of  oxy-  and  deoxy- 
hemoglobin  was  investigated  over  a  wide  frequency  range  using  the  techniques 
of  polarized  single  crystal  absorption  spectroscopy  and  solution  natural  and 
magnetic  circular  dichroism.   In  addition  to  the  porphyrin  tt-^tt*  transitions, 
seven  transitions  of  oxyhemoglobin  and  four  transitions  of  deoxyhemoglobin 
were  characterized.   Most  of  these  transitions  occurred  in  the  near-infrared 
spectral  region.   To  make  assignments  extended  Huckel  calculations  were 
carried  out  on  the  complex  of  iron-porphin  with  imidazole  and  oxygen  as  a 
model  chromophore  for  oxyhemoglobin.   Calculations  were  also  carried  out  on 
the  corresponding  carbon  monoxide  complex  to  aid  in  the  interpretation  of  the 
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oxyhemoglobin  spectra.   Assignments  were  proposed  for  all  of  the  transitions  ^' 
in  terms  of  one-electron  excitations  between  single  configurations.   Five 
of  the  seven  bands  of  oxyhemoglobin  were  assigned  to  transitions  into  the 
lowest  empty  molecular  orbital,  which  was  delocalized  over  the  FeO?  unit. 
Three  of  the  four  bands  of  deoxyhemoglobin  were  assigned  to  porphyrin*->-iron 
charge-transfer  transitions.   The  remaining  bands  were  interpreted  as  arising^^ 
from  d  ->  d  transitions  of  the  iron.  m 

These  results  provide  a  basis  for  (i)  testing  and  refining  theoretical 
descriptions  of  the  electronic  structure  of  these  complexes  using  more 
extensive  quantum  mechanical  calculation  methods,  (ii)  interpreting  spectral 
perturbation  studies  on  the  interaction  of  the  heme  with  the  surrounding 
globin,  and  (iii)  for  understanding  the  mechanism  of  photolysis  of  oxy-  and 
carbonmonoxyhemoglobin  (see  below). 

II.   The  molecular  mechanism  of  structural  changes  in  hemoglobin  upon 
release  of  oxygen  and  carbon  monoxide. 

Upon  release  of  oxygen  or  carbon  monoxide  hemoglobin  is  known  to  undergo 
conformational  changes  of  both  the  heme  and  globin,  which  ultimately  result 
in  a  rearrangement  of  the  four  subunits,  the  so-called  quaternary  structural 
change.   The  rates  of  the  quaternary  structural  change  have  been  measured  by 
Gibson  and  coworkers  at  Cornell  and  Ferrone  at  Princeton,  who  is  currently  a 
member  of  this  laboratory.   In  spite  of  a  vast  amount  of  research  on  the 
kinetics  of  ligand  binding  by  hemoglobin,  there  is  almost  no  information  on 
the  rates  of  the  heme  and  globin  (tertiary)  conformational  changes. 
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Photolysis  of  Hb02  or  HbCO  is  the  most  powerful  method  of  studying  conforma- 
tional changes  following  ligand  release,  because  the  reaction  can  be  initiated 
very  rapidly,  permitting  subsequent  structural  changes  to  be  monitored  on 
short  time  scales.   In  the  past  year  we  have  begun  an  investigation  of  the 
kinetics  of  heme  and  globin  conformational  changes,  by  studying  the  primary 
photophysical  and  photochemical  events  following  excitation  of  HbCO  and  Hb02 
with  intense  picosecond  laser  pulses.   The  measurements  were  made  in  the 
laboratory  of  Professor  Robin  M.  Hochstrasser  at  the  University  of  Pennsyl- 
vania, using  his  picosecond  spectrometer.   A  major  aim  of  this  study  was  to 
measure  transient  spectra  with  sufficiently  high  accuracy  that  the  initial 
photoproducts  could  be  identified.   Transient  absorption  spectra  were  measured 
in  the  near  ultraviolet  and  visible  regions  following  excitation  with  353  nm 
or  530  nm  pulses.   The  principal  experimental  findings  were:  (i)  a  deoxy- 
hemoglobin (Hb)  like  photoproduct  was  generated  from  Hb02  and  HbCO  by  353  nm 
light  in  a  time  comparable  with  the  laser  pulsewidth  (8  ps).   (ii)  By  680  ps 
less  than  10%  of  photolysed  CO  and  less  than  20%  of  photolyzed  O2  had       M| 
recombined.   (iii)  A  similar  photoproduct  spectrum  was  obtained  immediately  ^ 
following  photolysis  of  Hb02  and  HbCO.   (iv)  The  Hb  photogenerated  spectrum, 
although  deoxy-like,  was  considerably  broadened  compared  with  conventional 
Hb  spectra  during  all  the  times  investigated  (0-680  ps) .   (v)  About  10  photons 
per  heme  were  absorbed  during  the  passage  of  the  photolyzing  pulse  through  the 
sample. 
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It  is  possible  to  explain  these  results  with  a  quantum  mechanical  model  based 
on  the  energy  levels  from  the  spectroscopic  study  discussed  in  part  I  of  this 
report.   Following  optical  excitation  to  the  porphyrin  ^tttt*  state,  internal 
conversion  of  the  excitation  energy  into  vibrational  modes  of  the  surrounding 
globin  leads  to  rapid  relaxation  to  the  lowest  singlet  state  of  the  heme 
complex,  from  which  dissociation  takes  place.   In  HbCO  the  electron  configura- 
tion of  the  lowest  singlet  is  strongly  antibonding  for  CO,  while  in  Hb02  the 
configuration  of  the  lowest  singlet  state  is  not  antibonding  for  O2.  Photo- 
dissociation  is  therefore  predicted  to  take  place  much  more  readily  for  HbCO 
than  for  Hb02j  as  is  observed.   With  some  additional  assumptions,  this 
mechanism  can  also  rationalize  the  production  of  Hb  with  a  severely  broadened 
spectrum.   The  ground  state  of  Hb  is  a  spin  quintet,  while  the  postulated 
photodissociating  states  are  spin  singlets.   Such  spin  interconversions  would 
be  expected  to  require  at  least  10^  ps.   Correlating  the  state  of  Hb02  with 
those  of  Hb  +  02(^2")  and  HbCO  with  those  of  Hb  +  CO(-Z)  suggests  that  Hb  will 
be  initially  produced  in  a  singlet  state.   Absorption  of  additional  photons 
from  the  intense  light  pulse  can  then  take  place  before  singlet  Hb  can  inter- 
system  cross  to  normal  quintet  ground  state  Hb .   Absorption  of  additional 
photons  may  also  take  place  from  the  lowest  states  of  HbCO  and  Hb02  prior  to 
photodissociation  or  relaxation  back  to  the  ground  state.   The  net  effect, 
then,  of  multiphoton  absorption  by  Hb,  Hb02  and  HbCO  could  be  to  produce  Hb 
in  a  distribution  of  metastable  electronic  states,  thereby  accounting  for  the 
broadened  absorption  spectrum. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  elucidation  of  the  electronic  structure  and  physico-chemical  mechanisms 
at  the  active  sites  of  proteins  should  lead  to  a  much  deeper  understanding 
of  how  these  molecules  perform  their  biological  function.   The  techniques 
developed  in  our  investigations  may  be  applied  to  a  wide  variety  of  problems 
in  protein  structure  and  chemistry. 

Proposed  Course  of  Project: 

One  of  the  principal  difficulties  in  measuring  the  kinetics  of  tertiary 
structural  changes  in  hemoglobin  is  the  development  of  a  probe  which  has 
interpretable  physical  properties.   Such  a  probe  exists  in  the  linear  optical 
anisotropy  of  the  heme  group.   Makinen  and  Eaton  showed  in  this  laboratory 
that  a  large  change  in  heme  orientation  occurred  upon  binding  oxygen  or  carbon 
monoxide  from  measurements  of  the  polarized  absorption  of  single  crystals. 
Furthermore,  Gelin  and  Karplus  have  recently  proposed  from  energy  minimiza- 
tion calculations  that  the  tilting  of  the  heme  is  an  essential  element  of 
the  mechanism  of  the  globin  conformational  change.   We  plan  to  measure  the 
rate  of  heme  tilting  by  monitoring  the  linear  dichroism  following  photolysis 
of  HbCO  in  solution  and  in  single  crystals  over  a  wide  temperature  range. 
If  successful,  it  should  be  possible  to  calculate  the  measured  activation 
energy  from  first  principles  using  energy  minimization  calculations  of  the 
type  carried  out  by  Gelin  and  Karplus.   An  important  aspect  of  our  approach  to 
this  problem  will  be  to  measure  complete  transient  spectra,  in  order  to 
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identify  kinetic  intermediates    In  the  coining  year  we  will  develop  the      ^ 
instrumentation  which  will  employ  the  second  harmonic  of  a  Q-switched  Nd:YAG^ 
laser  with  1  ns  pulsewidth  as  an  excitation  source,  a  xenon  flash  lamp  as  a 
white  light  monitoring  source,  and  an  optical  multichannel  analyzer  (OMA)  as 
a  detecting  system.   The  signal  from  the  OMA  can  be  electronically  gated  in 
"^10  ns ,  enabling  complete  time  resolved  spectra  to  be  obtained  with  each 
laser  shot. 

Publications:  '^ 

Eaton,  W.A. ,  Hansen,  L.K,,  Stephens,  P.J.,  Sutherland,  J.C.  and  Dunn,  J.B.R. : 
Optical  spectra  of  oxy-  and  deoxyhemoglobin.   J^.  Amer,  Chem.  Soc.  (in  press). 

Greene,  B.I.,  Hochstrasser,  R.M. ,  Weisman,  R.B.  and  Eaton,  W.A. :  Spectroscopic 
studies  of  oxy-  and  carbonmonoxyhemoglobin  following  pulsed  optical  excitation. 
Proc.  Nat.  Acad.  Sci.  USA  (in  press) • 
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Project  Description:  ^— - 

During  the  period  1  October  1977  through  30  September  1978  our  group  has 
continued  its  efforts  to  identify  the  diffusible  intracellular  transmitter 
substance  that  carries  signals  from  rhodopsin  molecules  excited  by  light  to 
the  plasma  membrane  of  rod  outer  segments,  where  the  dark  current  enters.  The 
calcium  indicator,  dichlorophosphonazo  III,  (DCP) ,  has  been  used  to  measure 
effluxes  of  Ca"*"*"  from  the  receptor  layer  of  the  living  rat  retina  by  multi-   ^p- 
wavelength  spectroscopy  (Yoshikami,  Rashidian  &  Hagins).   A  Ca   efflux      ^ 
amounting  to  less  than  10%  of  that  predicted  for  the  hypothesis  that  the 
transmitter  is  free  Ca"'"''  ions  could  be  easily  measured,  but  it  was  not  affected 
by  light.   Attempts  to  get  DCP  into  functioning  rod  cells  have  been  unsuccess- 
ful, so  it  cannot  yet  be  said  that  the  Ca   hypothesis  is  confirmed  or  dis- 
proved. 

Study  of  the  nucleoside  phosphate  metabolism  of  retinal  rod  cells  has 
continued.   The  GTPase  first  reported  by  our  group  in  1977  has  been  shown  to 
function  at  substrate  concentrations  equal  to  those  found  in  intact  rods  and 
to  turn  over  more  than  3  GTP's  per  second  per  rhodopsin  chromophore  bleached. 
This  rate  is  sufficient  to  provide  only  part  of  the  free  energy  needed  to  drive 
the  cycle  of  release  and  reaccumulation  of  the  transmitter  substance  (Robinson 
&  Hagins),   Efforts  to  increase  rapid  intracellular  changes  in  nucleotides  of 
living  outer  segments  by  fast  freezing  techniques  are  in  progress. 

The  study  of  solute  relocalization  in  tissues  and  solutions  during  flash 
freezing  is  continuing.   The  increase  in  fluorescence  efficiency  of  1,8  anilir^ 
naphthyl  sulfonic  acid  has  been  exploited  as  a  way  of  displaying  the  movement^ 
of  an  ice  front  into  a  rapidly  freezing  sample.   Meanwhile,  homogenous  dipolar 
ESR  line  broadening  is  being  used  to  estimate  how  much  segregation  of  soluble 
nitroxyl  spin  probes  in  aqueous  solution  takes  place  as  a  solution  freezes 
(Berman,  Meisner,  Hagins  &  Kon) . 

A  scanning  electron  microscope  from  the  Laboratory  of  Pathology,  NCI,  has 
been  moved  to  Bldg.  2  and  is  being  equipped  for  studies  of  elemental  composi- 
tion of  and  diffusion  of  substances  into  retinal  rod  outer  segments.   The 
facility  is  being  developed  into  a  general  purpose  electron  probe  analyzer  that 
we  hope  will  be  useful  to  several  groups  of  workers  at  NIH  (Hagins  &  W.  Banfield, 
NCI). 

Publications: 


Hagins,  W.  A.:   Excitation  in  Vertebrate  Photoreceptors.   Fourth  Neuro- 
sciences  Study  Program,  Boulder,  Colo.  1977  (in  press). 

Hagins,  W.  A.  &  Yoshikami,  S.:   Intracellular  Transmission  of  Visual 
Excitation  in  Vertebrate  Retinal  Photoreceptors:   Electrical  Effects 
of  Chelating  Agents  Introduced  into  Rods  by  Vesicle  Fusion.   Vertebrate 
Photoreception,  Academic,  New  York,  1977. 
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Yoshikami,  S.  &  Hagins,  W.  A.:   Calcium  in  Excitation  of  Vertebrate 
Rods  &  Cones:   Retinal  Ef . ^ux  of  Calciiim  Studied  with  Dichlorophosphrazo 
III.   Ann.  N.Y.  Acad.  Sci.  307,  545-561  (1978). 
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Cluster  analysis  on  the  retinal  isomers  shows  three  categories  due  to  energy  and 
conformational  variations,  which  are  being  related  to  biological  behavior. 

The  four  possible  conformations  of  cyclophosphoramide  have  a  stability  ordeif 


gen  atom  in  the  equatorial  plane  increases  the  stability  over  that  compound  ^ft 
ch  the  oxygen  atom  is  in  the  axial  position.  ^* 


in  which  chair  conformations  are  more  stable  than  boat  conformations  and  the 

oxy 

which 

The  inhibition  of  aldose  reductase  by  flavonoids  and  related  compounds  is 
being  extended  to  include  the  chromon-2-carboxylic  acids.   It  turns  out  that  the 
most  stable  form  of  these  molecules  is  a  planar  one,  contrary  to  expectations. 
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Project  Description: 

This  project  investigates  the  molecular  and  submolecular  factors,  such  as 
structural  features,  quantum  parameters  and  physical  properties  in  relation  to 
biological  and  pharmacological  behavior  of  biologically  important  substances. 

1.   Energy  minimization. 

The  energy  minimization  program  (GEMO)  has  been  modified,  and  is  now  capa- 
ble of  interacting  with  the  NIH  program  X-RAY.   This  permits  visualization  of 
the  molecule.   This  program  is  superior  to  previously  utilized  programs  in 
that  it  varies  all  energy  parameters  of  the  molecule  to  give  an  energy  and 
structure  based  on  all  contributions,  rather,  than  as  previously,  on  one  se- 
lected parameter. 

Using  this  program,  an  expanded,  consistent  table  of  stabilities  of  reti- 
nal isomers  (16  in  all)  has  been  produced. 

Cluster  analysis  of  these  isomers  based  on  the  principal  energy  contribu- 
tions shows  that  the  retinals  can  be  divided  into  three  groups.   Cluster  1 
contains  all  those  molecules  which  have  a  7-cis  torsion  angle,  and  is  charac- 
terized by  surprisingly  low  total  bond  energies,  but  high  attractive  forces 
between  hydrogen  atom  pairs  and  hydrogen-carbon  atom  pairs,  as  well  as  torsion 
energies.   This  is  apparently  due  to  the  juxtaposition  of  the  methyl  groups 
on  atoms  5  and  9.   Group  2  contains  only  those  11-cis  isomers  which  do  not 
also  possess  the  7-cis  conformation.   This  group  is  characterized  by  inter- 
mediate values  of  the  energy  parameters.   Group  3  contains,  in  general,  those 
compounds  possessing  none,  or  only  one  cis  conformation,  with  the  exceptions  of 
the  9,13-di-cis  isomer,  wherein  the  two  cis  centers  are  more  widely  separated. 
These  data  (clustering,  structures  and  energies)  are  being  further  investigated 
to  shed  light  on  the  opsin  pharmacophore. 

'Disorder'  in  the  cyclohexene  ring  of  retinal  has  prevented  both  precise 
x-ray  structural  data  and  NMR  resolution.   The  x-ray  data  in  the  literature 
show  an  apparent  shortening  of  the  carbon-carbon  bonds  in  the  ring,  especially 
between  atoms  2  and  3  (GEMO  1.514A,  x-ray  1.37A). 

A  translation-rotation  of  coordinates  of  the  atoms  in  the  ring  was  carried 
out  from  the  two  possible  chair  conformations  to  an  intermediate  planar 
structure.   Bond  lengths  calculated  from  this  fictive  structure  are  in  excellent 
agreement  with  the  x-ray  data,  indicating  that  the  x-rays  are  seeing  an  inter- 
mediate structure. 

The  reactions  and  behavior  of  the  lysyl-alanyl-phenyl-alanine  model  for 
the  visual  pigment  will  be  found  in  Dr.  Adams  report. 

The  four  components  of  cyclophosphoramide,  an  anticancer  drug,  have  been 
investigated  by  the  energy  minimization  calculations.   The  most  stable  form  is 
a  chair  conformation  with  an  equatorial  oxygen  atom,  whereas  the  least  stable 
form  is  a  boat  conformation  with  an  axial  oxygen  atom.   Chair  formations  are 
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more  stable  than  boat,  and  an  equatorial  oxygen  leads  to  more  stability  than  ^p 
an  axial  one:  M^ 

CE  >  CA  >  BE  >  BA 

The  data  indicate  that  among  the  primary  influences  are  the  torsion  angle 
energies,  and  non-bonded  interactions  involving  the  phosphorus  atom,  and  the 
chloroethvl  side  chains. 

f 

Aldose  reductase  has  been  implicated  in  the  events  which  lead  to  sugar  * 
cataracts  by  its  action  in  forming  sugar  alcohols,  which  may  be  causes  of  the 
cataracts.   Flavonoids  have  been  reported  to  be  potent  inhibitors  of  aldose 
reductase.   The  postulated  mechanism  of  inhibition  is  a  nucleophilic  assault 
on  the  carbon  of  a  carbonyl  group  by  the  reductase,  which  thus  becomes  un- 
available to  its  normal  substrate.   Since  certain  stereochemical  requirements 
must  also  be  met,  a  new  series  of  related  compounds,  the  5-  or  7-  substituted 
chromone-2-carboxylic  acids  are  under  investigation  by  quantum  calculations 
and  energy  minimization  studies.   Contrary  to  the  a  priori  expectations,  these 
molecules  seem  to  be  planar. 

Publications: 

Kador,  Peter  F.  and  Norman  E.  Sharpless:   Structure  activity  studies  of 
aldose  reductase  inhibitors  containing  the  4-oxo-4H-chromene  ring  system. 
Biophys .  Chem.  8_,  81-85  (1978). 
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Project  Description  ff 

The  primary  purpose  of  this  project  continues  to  be  the  elucidation  of 
structure  and  function  of  the  chromophore  (retinal)  of  the  mammalian  pigment 
rhodopsin.   Ideally  the  resultant  data  will  contribute  to  construction  of  an 
in  vitro  system  which  will  approximate  the  function  of  retinal  in  vivo. 

The  experimental  series  where  in  the  complexes  between  the  tripeptide   ■ 
a-acetyl-1-lysyl-l-lanyl-l-phenylalanine  methyl  ester  and  retinal  (as  well 
as  some  simpler  aldehydes)  has  accumulated  data  which  all  support  the  thesis 
that  the  tripeptide  is  the  actual  building  site  of  retinal  in  rhodopsin. 
The  examination  of  near  neighbor  effects  as  the  cause  for  the  unexplained 
spectral  absorption  of  rhodopsin  at  500  nm  has  not  been  concluded.   It  is 
further  extended  by  recent  claims  that  hydrogen  ion  effects  on  the  included 
Schiff  base  of  rhodopsin  is  the  causative  agent.   We  have  not  been  able  to 
demonstrate  this  in  our  system  although  the  original  experiments  have  been 
duplicated.   It  appears  that  further  work  is  needed. 

The  computer  approach  via  energy  minimization  (GEMO)  has  produced  data 
characterizing  the  retinal  isomers  as  to  stability  and  the  tripeptide  ac- 
cording to  its  minimum  energy  state  but  the  program  needs  some  expansion  to 
handle  the  combination  of  the  tt-tt  complexes.   For  further  results  see 
Sharpless. 


Future  Work 

1.  Statistical  studies  of  current  data  via  "cluster  theory"  which  will 
indicate  fruitful  areas  by  showing  dependency  of  data  upon  each  other. 

2.  Many  additional  test  tube  experiments  are  required  to  verify  com- 
puter results  and  decide  which  system  (tt-tt  complex  or  near  neighbor  effects) 
is  more  likely  in  the  rhodopsin  molecule. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

In  a  study  of  the  effects  of  a  combination  of  carbon  monoxide  and  nicotine 
tissue  and  functional  changes  in  rats  it  was  found  that  subconvulsive  doses  of 
nicotine  (0.5  to  1.0  mg  nicotine  bitartrate/kg)  plus  exposure  to  moderate  to  severe 
levels  of  carbon  monoxide  (100  to  500  ppm)  produced  within  4  hours  hypothermia, 
elevated  blood  glucose  and  lactic  acid  levels,  with  the  lowest  concentrations  of 
the  noxious  agents,  and  elevated  plasma  aspartate  and  alanine  aminotransferases 
levels  at  the  highest  concentrations.   The  study  thus  far  has  shown  that  the 
effects  of  a  combination  of  nicotine  and  carbon  monoxide  induced  greater  systemic 
changes  than  either  agent  alone.   This  finding  emphasizes  the  importance  of  pos-  I 
sible  synergism  between  various  individual  components  of  cigarette  smoke  and  the 
effects  that  such  interactions  have  upon  physiological,  biochemical  and  patholog- 
ical changes  in  animals  and  man. 
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The  possible  deleterious  effects  of  atmospheric  pollutants  such  as  carbon  " 
monoxide  combined  with  suspended  particulate  matter,  nicotine,  and  other  com- 
ponents of  cigarette  smoke  have  not  been  thoroughly  investigated.   Recently  we 
have  determined  that  the  presence  of  relatively  low  concentrations  of  cigarette 
smoke  in  a  confined  space  produced  changes  in  body  temperature,  plasma  enzymes 
and  other  functional  processes  in  rats.   We  decided  to  study  the  effects  of   _ 
various  combinations  of  certain  individual  components  of  cigarette  smoke,  suciM 
as  carbon  monoxide  and  nicotine,  on  the  production  of  such  changes  in  rats.   We 
have  found  that  the  lowest  levels  of  these  agents  that  produced  significant 
systemic  changes,  such  as  hypothermia  and  elevated  blood  glucose  and  lactic 
acid,  were  4  hourly  injections  of  1.0  mg/kg  nicotine  combined  with  a  continuous 
4  hour  exposure  to  100  ppm  carbon  monoxide.   Changes  in  the  concentration  of 
certain  plasma  enzymes,  such  as  aspartate  and  alanine  aminotransferases, 
occurred  only  at  high  concentration  of  the  noxious  agents.   Studies  on  tissue 
changes  and  plasma  corticosterone  levels  are  being  conducted  to  determine  the 
mechanisms  responsible  for  these  systemic  changes. 

Experiments  designed  to  determine  the  effects  of  a  combination  of  partic- 
ulate matter  with  nicotine  (com  silk  smoke)  and  carbon  monoxide  on  systemic 
changes  in  rats  are  being  planned.   Also,  investigations  have  been  initiated  on 
the  pot-ential  prophylactic  effects  of  long  term  conditioning  to  various  envi- 
ronments (acclimation  to  cold,  altitude)  or  exercise  regimes  on  the  suscept- 
ibility of  mice  to  decompression  sickness.   Studies  will  be  conducted  on  the 
effects  of  anti-anginal  anti-cholinergic  and  anti-adrenergic  drugs  on  the     ^ 
tolerance  to  hypoxia  (altitude  exposure) .  |H 

Publications: 

Altland,  P.  D.:   Changes  in  serum  bilirubin  and  hemoglobin  in  rats  exposed 
to  high  altitude.   International  Journal  of  Biometeorology  21:165-170, 
1977. 

Altland,  P.  D.,  Parker,  M.  G.  and  Brubach,  H.  F.:   Effects  of  graded  con- 
centrations of  cigarette  smoke  on  plasma  enzyme,  corticosterone  and  body 
temperature  in  rats.   Environmental  Research  15:160-169,  1978. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  laboratory  computer  facility  serving  LCP  and  LMB  was  available  for  data 
acquisition  during  86%  of  the  reporting  period;  however,  of  this  time  —  23%  was 
at  a  poor  level  of  reliability.   These  hardware  failures  were  primarily  in  the 
main  frame  which  is  now  nine  years  old.   The  development  effort  on  a  prototype 
distributed  computer  system  for  data  acquisition  (in  cooperation  with  the  Computer 
Systems  Lab.)  has  progressed  from  design  to  implementation  and  both  hardware  and 
software  elements  are  being  tested. 
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Project  Description: 

I   I 

This  computer  facility  has  served  the  Laboratories  of  Molecular  Biology  ~ 

and  Chemical  Physics  for  the  past  nine  years.   In  cooperation  with  the  Computer 
Systems  Laboratory,  DCRT,  we  are  developing  a  prototype  microcomputer-based 
system  that  will  permit  a  graceful  evolution  from  the  existing  Star  configura- 
tion to  a  three-level  Hierarchical  configuration.   This  change  will  be  accom- 
plished with  minimal  disruption  of  laboratory  work  because  the  Hierarchical 
system  will  operate  in  parallel  with  the  existing  system.   The  three  level   ^  1 1' 
system  consists  of  a  dedicated  microcomputer  at  each  instrument  to  perform   ~ 
real-time  data  acquisition,  a  serial  link  to  a  communications  microcomputer 
having  bulk  storage  and  a  high  speed  parallel  link  to  the  existing  processor, 
a  Honeywell  516  machine.   As  the  data  acquisition  function  is  removed  from  the 
Honeywell  computer,  it  will  become  more  accessible  for  data  processing. 

Objectives: 

Development  of  real-time  data  acquisition  systems  to  service  laboratory 
instrumentation  and  creation  of  the  software  elements  to  manage  and  process 
the  data  generated  or  the  theoretical  studies  undertaken  in  conjunction  with 
experimental  work. 

Findings : 

This  laboratory  computer  facility  was  in  routine  operation  this  year  with 
no  major  alterations.   Hardware  reliability  has  become  a  problem  because  many 
of  the  failures  during  the  past  year  have  been  difficult  or  impossible  to  detA  , 
with  the  normal  vendor  diagnostics.   Most  down-time  has  been  related  to  the  ▼ 
mainframe  and  appears  to  be  due  to  the  failure  of  discrete  components  which 
have  exceeded  their  useful  lifetime.   An  extensive  review  of  the  operating 
system,  OLERT,  was  made  in  connection  with  the  many  system  failures;  however, 
changes  to  give  more  information  about  failure  modes  do  not  seem  to  be  justified. 
System  documentation  was  further  revised  with  compilation  of  Vol.  II,  Sub- 
programs and  other  Write-Ups. 

The  major  effort  this  year  has  been  the  development  of  the  prototype  Hier- 
archical system.   Design  policy  has  been  established  and  a  functional  specifica- 
tion for  the  system  has  been  written.   The  prototype  is  highly  modular  and  five 
people  now  are  engaged  in  the  detailed  specification  and  design  of  the  various 
elements.   All  hardware  is  presently  at  hand  and  the  interfaces  are  either  in 
place  or  in  fabrication.   The  software  design  reflects  the  modularity  of  the 
system  and  exists  primarily  as  discrete  function  subroutines. 

After  a  year  of  testing  [see  Project  No.  Z01-AM-29012-08-LCP] ,  the  molec- 
ular energy  minimization  program  GEMO  has  been  enhanced  by  changes  improving  ^m 
user  interaction  and  formatting  of  the  result  file.   Currently  a  data  preproces- 
sing program  is  being  written  which  will  detect  common  errors  in  the  large  input 
files.   Also  a  post  processing  program,  CLAB,  has  been  found  useful  for  reducing 
the  extensive  result  files  to  the  kemal  of  physically  significant  elements. 
Ancillary  programs  were  created  in  SAIL  and  FORTRAN  to  permit  IMSL  library 
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routines  to  be  used  with  MLAB  data  on  the  DEC-10  machine  [see  Project  No.  ZOl- 
AM-29007-07-LCP] . 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  two  projects  described  in  the  76/77  annual  report,  Z01-AM-29016-02-LCP,  have 
been  continued  and  extended:  (1)  light  scattering  has  been  supplemented  by 
birefringence  measurements  to  study  the  melting  and  repolymerization  measure- 
ments of  gels  of  hemoglobin  _S.   Light  scattering  and  turbidity  have  been  used  to 
systematically  investigate  initial  progress  curves  for  the  polymerization 
reaction.   (2)  Studies  on  CO  hemoglobin  have  been  extended  by  inducing  the    ^ 
reaction  by  photodissociation  of  carbon  monoxide.   An  argon-ion  laser  is  used  IK 
with  the  existing  microspectrophotometer ,  permitting  observation  of  the  poly- 
merization reaction  at  rates  over  1,000  times  faster  than  we  were  previously 
able  to  measure. 

Collaborative  contributions  have  been  made  to  other  projects  involving  the 
mechanism  of  hemoglobin  S  polymerization  in  pure  deoxy  solution  and  in  mixtures^ 
with  other  hemoglobins.  ^T 
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Methods  Employed: 

Both  theoretical  and  experimental  techniques  are  being  used  to  study  assembly 
reactions.   The  intensity  of  light  scattered  by  assembling  protein  solutions 
is  being  studied  as  a  function  of  angle  and  protein  concentration  in  order  to 
obtain  information  on  the  molecular  weights  and  virial  coefficients  of  the 
proteins  and  non-assembling  controls.   The  intensity  of  scattered  light  is  also 
being  used  as  a  probe  to  examine  the  kinetics  of  the  polymerization  and/or 
assembly  reactions.   The  immediate  goal  is  to  provide  a  detailed  model  for  the 
nucleation  and  growth  of  the  hemoglobin  S  polymers  which  is  consistent  with 
both  the  available  thermodynamic  and  kinetic  results.   Models  are  now  being 
examined  in  terms  of  their  ability  to  explain  both  the  time  dependence  of  the 
appearance  of  polymer  and  the  concentration  and  temperature  dependence  of  the 
observed  rates  over  a  wide  range  of  conditions. 

Further,  conventional  sedimentation  techniques  which  measure  the  solubility  of 
the  hemoglobin  S  with  respect  to  the  polymer  phase  and  turbidimetric  measure- 
ments of  the  rate  of  appearance  of  the  polymer  have  been  supplemented  by  linear 
dichroism  measurements  in  an  investigation  of  the  polymerization  of  partially 
liganded  hemoglobin  S  solutions.   The  linear  dichroism  has  the  advantage  of 
observing  only  the  hemoglobin  which  is  spontaneously  aligned  and  thus  is 
capable  of  spectrophotometrically  monitoring  the  composition  of  the  polymer 
phase  without  interference  from  the  protein  in  the  solution  phase. 

Both  light  scattering  and  linear  dichroism  measurements  have  also  been  utilized 
in  kinetic  experiments  in  which  polymerization  is  induced  by  laser  photolysis 
of  hemoglobin  S  saturated  with  carbon  monoxide.   An  argon- ion  laser  is  used  as 
the  photolysis  source.   Because  of  the  high  continuous  light  flux  necessary  to 
remove  the  ligands  from  the  concentrated  saturation  and  maintain  the  sample  in 
the  unliganded  state,  very  small  sample  volumes  (<10~  cc)  must  be  used. 
Experiments  are  therefore  carried  out  in  a  microspectrophotometer  designed  and 
built  in  this  laboratory  which  is  capable  of  observing  samples  as  small  as 
1-2  microns  in  diameter.   On  these  small  volumes,  complete  desaturation  can  be 
achieved  within  1  msec.   The  appearance  of  polymers  can  be  conveniently 
measured  by  observing  the  scattered  light  from  the  photolysis  source.   The 
fractional  saturation  can  be  monitored  simultaneously  with  the  conventional 
spectrophotometer  detection  system  by  modulating  the  incident  light  intensity 
and  observing  the  AC  component  at  the  modulation  frequency  in  the  detected 
photocurrent.   Simultaneous  linear  birefringence  experiments  can  be  made  using 
a  similar  technique. 

The  photolysis  system  can  also  be  used  to  measure  the  kinetics  of  ligand 
binding  to  both  the  monomer  and  polymer  phases.   By  reducing  and  modulating 
the  intensity  of  the  photolysis  source,  the  saturation  of  the  hemoglobin  sample 
can  be  modulated  at  frequencies  up  to  10^  Hz.   By  monitoring  the  phase  shift 
and  amplitude  of  the  absorbance  changes  the  kinetics  of  ligand  binding  to  the 
hemoglobin  molecules  in  solution  are  measured.   Corresponding  experiments  in 
which  the  linear  dichroism  is  monitored  permit  the  measurement  of  the  rate  and 
extent  of  ligand  binding  to  the  polymer  phase.   A  principal  advantage  of  the 
excitation-modulation  technique  is  that  kinetic  difference  spectra  can  be 
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measured  easily  and  with  very  high  sensitivity.   Also,  by  choosing  wavelengtt^ 
at  which  the  difference  spectrum  for  a  major  component  in  the  kinetic  differs 
signal  is  zero  or,  alternatively,  by  selecting  against  a  major  component  of  the 
modulated  signal  by  looking  90°  out  of  phase,  small  secondary  components  in  the 
response  of  the  system  are  readily  detected  and  difference  spectra  associated 
with  these  processes  can  be  measured.   The  sensitivity  of  the  modulation  method 
is  critical  for  the  measurement  of  the  polymer  fractional  saturation  since 
direct  experiments  suggest  that  less  than  4%  of  the  polymerized  hemoglobin  i^^ 
liganded  even  at  solution  fractional  saturations  of  70%.  i 

A  data  acquisition  system  for  recording  transient  phenomena  has  been  purchased 
and  put  into  use.   The  system,  utilizing  Nicolet  1090a,  a  digital  oscilloscope 
as  a  data  acquisition  device  and  a  Hewlett  Packard  9825  calculator  as  a  local 
storage  and  data  processing  computer  has  been  interfaced  directly  to  the  PDP-10 
computer  via  telephone  lines  and  has  been  in  routine  use  for  collection, 
storage  and  processing  of  data  from  the  light  scattering  equipment,  the 
microspectrophotometer  and  the  electric  dichroism  apparatus  used  by 
Dr.  Elliot  Charney. 

Major  Findings: 

The  results  fall  into  five  major  categories: 

I.  Molecular  Mechanism  of  Hemoglobin  S  Gelation 

A  simple  theory  for  the  kinetics  of  hemoglobin  S  gelation  based  on  a  model  oij^ 
nucleation  and  growth  of  individual  polymers,  has  been  developed.   An        , 
analytical  rate  expression  has  been  derived  for  the  early  stages  of  the 
reaction.   The  influence  of  the  large  non-ideality  that  is  known  to  exist  in 
concentrated  hemoglobin  solutions  has  been  included.   The  theory  is  capable 
of  rationalizing  the  large  experimentally-observed  dependence  of  the  delay 
time  on  concentration,  temperature,  and  equilibrium  solubility.   It  indicates 
that  the  extreme  sensitivity  of  the  delay  time  to  these  variables  is  due  in 
large  part  to  the  non-ideality  of  the  concentrated  protein  solutions  required 
for  gelation.   The  theory  fails,  however,  to  predict  the  shape  of  the  kinetic 
progress  curves,  suggesting  that  some  additional  physical  process  must  be 
incorporated  into  the  model.   See  the  annual  report  Z01-AM-29009-06-LCP  by 
Dr.  William  A.  Eaton  for  a  more  complete  summary. 

II.  Molecular  Mechanism  of  Hemoglobin  S  in  Mixtures  with  Hemoglobins  A  and  F 

A  study  has  been  completed  on  the  solubility  and  delay  time  of  deoxyhemoglobin 
S  in  various  mixtures  with  hemoglobins  A  and  F.   The  theoretical  model 
discussed  above  has  been  extended  to  explain  the  kinetic  results  and  a  two-  ^ 
phase  thermodynamic  model  has  been  developed  to  interpret  the  thermodynamic  '", 
data.    Non-ideality  is  found  to  play  a  major  role  in  both  models.   The 
HbS-HbF  data  are  rationalized  by  assuming  that  the  deoxyhemoglobin  S  molecule, 
0982  is  the  only  polymerizing  species  while  the  data  on  HbS-HbA  mixtures 
require  copolymerization  of  AS  hybrid,  028  3  ,  species.   See  the  annual 
report  Z01-AM-29009-06-LCP  by  Dr.  William  A.  Eaton  for  a  more  detailed  summary. 
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III.  Clinical  Relevance  of  Mixture  Data 

Kinetic  results  from  experiments  on  HbF-HbS  and  HbA-HbS  mixtures  have  been  used 
to  answer  the  question:  how  much  must  the  delay  time  of  gelation  be  increased 
to  produce  a  given  therapeutic  effect  in  patients?  With  the  resulting  numbers 
various  therapeutic  strategies  can  be  quantitatively  evaluated.   From  this 
study  we  conclude  that  it  will  probably  be  necessary  to  employ  more  than  a 
single  drug,  thereby  taking  advantage  of  the  multiple  methods  available  for 
altering  the  delay  time  ±n   vivo,  in  order  to  obtain  a  useful  therapeutic 
effect  without  serious  toxicity  problems.   See  the  report  Z01-AM-29009-06-LCP 
for  a  more  detailed  description  of  this  project. 

IV.  Photolysis  of  Carbonmonoxyhemoglobin  S 

In  the  past  year  the  photolysis  experiments  have  proceeded  through  three 
phases : 

A.  Conditions  under  which  polymerization  could  be  induced  by  photolysis 
without  the  undesirable  side  effects  of  sample  heating  have  been  found  and 
control  experiments  performed  to  establish  the  manitude  of  the  temperature 
change.   The  samples  required  are  extremely  small,  '^1-2  microns  thick  and 

10  microns  in  diameter,  necessitating  the  use  of  a  microspectrophotometer  to 
observe  and  measure  the  optical  signals  which  are  used  to  monitor  the  reaction. 
The  very  small  volumes  which  are  necessary  to  maintain  temperature  control 
made  it  nearly  impossible  to  measure  either  turbidity  or  birefringence,  the 
standard  techniques  by  which  we  have  observed  polymerization.   Fortunately, 
the  scattering  of  light  from  the  photolysis  source  itself  provides  a  sensitive 
probe  for  the  appearance  of  polymers,  and  the  very  high  extinction  coefficient 
of  the  Soret  band  provides  a  sensitive  spectrophotometric  measure  of  the 
fractional  saturation  of  these  small  samples. 

B.  A  systematic  study  of  the  potentials  of  the  technique  has  been  completed. 
This  study  has  shown  that  a  wide  variety  of  kinetic  experiments  are  feasible 
with  the  existing  instrumentation.   In  addition  to  the  photolysis  induced 
polymerization,  modulated  excitation  techniques  can  be  used  to  obtain 
important  kinetic  and  equilibrium  information.   By  controlling  the  average 
laser  intensity  the  fractional  saturation  of  the  illuminated  spot  can  be 
altered  at  will,  despite  the  fact  that  the  bulk  of  the  sample  is  fully 
saturated  with  CO.   Dr.  Ferrone  has  previously  shown  how  this  capability  can 
be  utilized  to  measure  the  kinetics  of  ligand  binding  and  the  quaternary 
structural  change  in  dilute  hemoglobin  solutions.   In  concentrated  hemoglobin 
S  solutions  a  variety  of  other  experiments  can  be  carried  out.   After  prepar- 
ing a  partially  saturated  state  by  continuous  low  level  illumination,  a 
small  modulation  of  the  laser  intensity  is  used  to  generate  a  corresponding 
modulation  in  the  amount  of  bound  ligand.   If  the  time  dependence  of  the  sample 
absorption  is  observed,  the  kinetics  of  ligand  binding  to  the  solution  phase 
can  be  measured.   Of  more  interest,  however,  is  the  observation  of  the 
corresponding  process  in  the  polymer  phase.   If  one  now  looks  at  the  linear 
dichroism  of  the  sample,  which  results  solely  from  the  spontaneous  alignment 
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of  the  polymerized  hemoglobin,  the  modulated  dichroism  signal  provides  a     M 
measure  of  the  ligands  which  are  being  removed  from  and  rebinding  to  the     ■ 
polymer.   Preliminary  experiments  have  shown  that  the  resulting  signals  are 
readily  measurable,  even  at  polymer  saturations  of  only  about  1%,  thus  permit- 
ting a  quantitative  determination  of  the  low  fractional  saturation  observed  in 
the  polymer  phase.   This  data  is  important  in  understanding  the  details  of  the 
linkage  between  the  ligation  and  polymerization  of  hemoglobin  S. 

C.   A  systematic  study  of  the  photolysis-induced  polymerization  on  completely" 
desaturated  samples  is  in  progress.   Using  this  technique  we  have  been  able  to 
induce  and  observe  polymerization  over  1,000  times  faster  than  was  previously 
possible.   The  polymerization  shows  features  which  are  qualitatively  similar 
to  those  observed  in  slower  experiments,  viz. ,  a  delay  period  followed  by  rapid 
polymer  formation.   We  have  observed  delays  as  short  as  4  milliseconds.   The 
delay  is  also  proportional  to  a  very  high  power  of  the  hemoglobin  concentration 
(in  our  present  experiments,  49th  power)  as  observed  in  the  slower  experiments. 
The  temperature  dependence  of  the  delay  is  also  large  and  shows  an  apparent 
temperature  dependence  to  the  activation  energy.   The  rates  of  photolysis- 
induced  polymerization  have  also  been  measured  in  pilot  experiments  on  intact 
sickle  cells,  using  light  scattering  as  a  probe.   We  have  found  that  partial 
photolysis  of  the  intracellular  hemoglobin  can  cause  polymerization  to  occur 
within  a  few  hundred  milliseconds . 

The  rapid  polymerization  experiments  provide  these  important  pieces  of  informa- 
tion.  First,  the  kinetic  hypothesis  which  correlates  the  severity  of  sickle 
cell  disease  with  the  delay  time  requires  that  the  intracellular  hemoglobin  g^ 
polymerize  in  times  short  compared  to  capillary  transit  times,  typically  abou\^ 
1  second.   In  contrast  to  a  variety  of  reports  in  the  literature,  our  photolysis 
experiments  verify  that  this  is  indeed  possible,  and  will  provide  quantitative 
data  on  rates  of  intracellular  polymerization.   Secondly,  the  ability  which  we 
now  possess  to  measure  polymerization  kinetics  over  eight  decades  of  time  at  a 
single  temperature  permits  more  stringent  tests  of  the  polymerization  mechanism 
than  have  been  possible  to  this  point.   For  example,  in  fast  experiments  we 
should  be  able  to  kinetically  distinguish  the  growth  of  polymers  from  their 
alignment,  and  thereby  restrict  possible  mechanisms  for  the  growth  phase  of 
the  kinetics . 

V.   Light  Scattering  and  Birefringence  Studies  of  Hemoglobin  S  Gelation 

A  variety  of  experiments  in  which  light  scattering,  turbidity  and  birefringence 
have  been  used  to  measure  polymerization  progress  curves  and  the  kinetic 
behavior  of  already  polymerized  samples  have  been  carried  out.   Interpretation 
of  the  latter  experiments  is  clouded  by  a  lack  of  sufficient  information  on  the 
structure  and  physical  properties  of  the  polymer  phase  but  some  general       ^^ 
conclusions  can  be  drawn.  v'W^ 
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(a)  Polymerization  progress  curves 

A  set  of  progress  curves  measured  simultaneously  by  light  scattering  at  90" 
and  turbidity  have  been  collected.   The  experiments  were  designed  to  cover  a 
100-fold  range  of  delay  times  at  temperature  between  15  and  35°C.   The  light 
scattering  curves  show  autocatalytic  behavior  but  the  slopes  vary  with 
delay  time.   The  longest  slopes  are  observed  at  delay  time  of  1000-10000  sec. 
with  decreased  slopes  observed  at  both  longer  and  shorter  times. 

A  set  of  progress  curves  has  also  been  collected  using  the  Gary  17  for  turbid- 
ity measurements.   These  data  have  been  collected  in  a  fine  grid  of  concentra- 
tion at  8  temperatures  betwee  10  and  40°C  and  will  be  used  to  examine  second 
order  effects  in  the  dependence  of  delay  time  as  a  test  of  the  predictions  of 
nucleation  theory.   The  theory  predicts  that  two  competing  effects  could  alter 
the  apparent  concentration  and  temperature  dependence  of  the  delay  time,  the 
concentration  dependence  of  the  activity  coefficients  and  the  effect  of  super- 
saturation  on  nucleus  size.   The  nucleus  should  decrease  in  size  as  the  super- 
saturation  increases  and  correspondingly  as  the  delay  time  decreases,  thereby 
generating  a  decreased  concentration  dependence  at  high  supersaturation. 
Unfortunately  as  the  concentration  is  increased  the  concentration  dependence 
of  the  activity  coefficients  also  increases.   This  activity  coefficient  term 
increases  the  apparent  concentration  dependence.   By  collecting  a  grid  of  data 
multiple  correlations  can  be  examined  to  see  if  either  of  these  predictions 
can  be  experimentally  substantiated. 

(b)  Melting  and  repolymerization  kinetics 

Light  scattering  and  birefringence  have  been  used  to  study  the  rate  of  depoly- 
merization  of  deoxyhemoglobin  S  when  polymerized  samples  are  cooled  to  tempera- 
tures below  the  solubility.   When  a  sample  is  rapidly  cooled  the  scattered 
intensity  decreases  exponentially  for  nearly  5  decades  of  signal  change.   The 
apparent  rate  of  melting  increases  with  decreasing  temperature,  exhibiting  an 
apparent  negative  activation  energy  for  the  melting  process.   If  repolymeriza- 
tion is  initiated  by  a  positive  temperature  jump  during  the  observed  melting 
curve  a  shortened  delay  time  is  observed.   If,  however,  the  light  scattering 
signal  is  followed  until  it  vanishes  into  the  baseline,  the  full  delay  is 
recovered.   Similar  experiments  using  birefringence  measurements  show  that  the 
recovery  of  the  delay  time  is  nearly  linear  with  time  after  the  disappearance 
of  the  birefringence  signal.   The  melting  kinetics  appear  to  be  consistent 
with  a  model  of  crystal  dissolution  which  explains  with  the  apparent  negative 
activation  energy  and  the  exponential  time  course. 

(c)  Temperature  perturbation  experiments 

A  considerable  body  of  data  accumulated  by  monitoring  kinetics  induced  by 
small  temperature  changes  on  preformed  gels  is  both  confusing  and  incomplete. 
Both  turbidity  and  birefringence  experiments  have  again  been  used  to  measure 
changes  in  the  amount  and  alignment  of  polymers.   Birefringence  measurements 
provide  very  small  signals  if  small  perturbations  are  applied.   The  observed 
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signal  change  is  much  smaller  than  would  be  epxected  from  the  change  in  the  M' 
amount  of  polymerized  hemoglobin  S  as  measured  by  sedimentation  experiments.  ^ 
Since  birefringence  heavily  weights  the  most  ordered  material,  one  possible 
interpretation  is  that  the  poljnners  are  not  uniformly  oriented  and  the  more 
disordered  components  of  the  polymer  phase  melt  most  rapidly.   This  interpre- 
tation is  supported  by  corresponding  turbidity  experiments  which  produce  signal 
amplitudes  which  more  faithfully  follow  the  polymer  mole  fraction.   The      ^ 
turbidity  changes  occur  more  rapidly  than  the  corresponding  birefringence    m 
changes  and  have  a  greater  amplitude.   The  turbidity  data  for  both  melting  ana 
repolymerization  in  the  range  of  10-20° C  can  be  analyzed  to  yield  two  rate 
constants  of  about  1-2  and  0.1  min"-'-.   The  birefringence  in  similar  jumps 
appears  only  to  respond  at  the  slower  rate  and  exhibits  an  additional,  still 
slower,  component.   This  very  slow  component,  which  has  a  large  amplitude  in 
birefringence  measurements  and  may  make  small  contributions  to  the  turbidity 
as  well,  is  therefore  most  readily  assigned  to  a  change  in  polymer  orientation. 
This  very  slow  component  also  appears  to  be  responsible  for  hysteresis  seen  as 
a  change  in  final  signal  level  if  the  same  intermediate  temperature  is 
approached  from  above  or  from  below. 

A  tentative  model  incorporating  a  distribution  of  polymer  orientation  functions 
which  are,  in  turn,  responsible  for  a  range  of  stabilities  for  the  bulk 
polymer  phase  is  being  explored  with  reference  to  this  data.   Predictions 
based  on  a  tentative  model  will  then  be  tested  to  determine  whether  it  is 
tenable.   Such  a  model  seriously  complicates  the  simple  two-component,  two- 
phase  thermodynamic  description  of  the  gel  since,  for  example,  it  predicts   ^ 
changes  in  solubility  which  depend  on  the  degree  of  polymer  orientation.     ^ 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  studies  of  photolysis  induced  polymerization  kinetics  provide  the  only 
available  technique  for  studying  the  polymerization  reaction  as  it  is  actually 
initiated  in  vivo,  by  the  removal  of  ligands  on  physiological  time  sides.   The 
fast  kinetics  also  show  promise  as  a  convenient  screening  technique  for 
therapeutic  inhibitors  of  hemoglobin  S  polymerization. 

The  physical  studies  of  the  polymer  phase  and  polymerization  kinetics  are  aimed 
at  providing  a  better  basic  understanding  of  the  physical  nature  of  the  polymer 
phase,  and  the  self-assembly  process  by  which  it  is  formed. 

Proposed  Course  of  Project: 

Laser  photolysis  experiments  will  be  completed  under  conditions  which  produce 
complete  desaturation.   The  techniques  will  then  be  exploited  to  examine  the  ^ 
kinetic  properties  of  single  cells.   A  major  objective  of  this  study  will  be  ^B 
determine  whether  photolysis  induced  polymerization  can  provide  an  efficient  - 
tool  with  which  to  screen  potential  therapeutic  agents.   The  photolysis  studies 
will  also  be  used  to  examine  kinetics  in  partially  saturated  solutions. 

Modulated  excitation  experiments  will  be  performed  to  examine  the  fractional 
saturation  of  the  polymer  phase  as  a  function  of  solution  fractional  saturatio|i. 
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Presently  available  data  from  light  scattering  and  birefringence  will  be 
analyzed  to  provide  a  sufficient  model  for  the  behavior  of  the  polymer  phase 
in  melting  and  temperature  perturbation  experiments. 

A  further  project  is  proposed  in  which  high  energy,  short  laser  pulses  will  be 
used  to  orient  molecules  in  the  electric  field  produced  by  the  light  beam. 
With  present  technology,  sufficient  energy  can  be  delivered  by  a  Q  switches 
neodymium  laser  to  provide  optical  fields  as  high  at  10^  volts/cm.   The 
orientation  induced  by  optical  fields  arises  solely  from  the  polarizability 
anisotropy  of  the  molecular  species  being  studies  and  hence  orientation 
mechanisms  can  be  elucidated  from  such  studies.   Further,  because  the  rise 
and  fall  time  of  the  Q  switched  pulses  can  be  made  extremely  short  (10~"  sec) , 
rotational  relaxation  of  very  small  bipolymers  can  be  studied  directly. 
The  rotational  relaxation  rate  is  very  sensitive  to  polymer  size,  depending 
inversely  on  the  length  cubed,  and  hence  is  a  very  sensitive  probe  of  inter- 
molecular  interactions  and  aggregation.   The  equipment  required  for  such 
experiments,  in  addition  to  the  laser,  includes  an  intense  pulsed  source, 
either  a  flashlamp  or  a  flash- lamp-pumped  dye  laser,  a  fast  transient  recorder, 
phototubes  and  associated  electronics.   In  the  next  year  it  is  proposed  that 
the  optical  equipment  to  do  such  experiments  will  be  acquired  and  explorative 
studies  initiated. 
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Muscle  Contraction 

X-ray  diffraction.   The  instrumentation  of  the  laboratory  was  improved  con- 
siderably, which  enabled  us  to  open  up  several  new  areas  of  investigation.  ^ 
The  availability  of  high  resolution,  position-sensitive  X-ray  detectors  madW 
it  possible  for  us  to  optimize  the  performance  of  our  X-ray  cameras  and  to  ^ 
collect  data  with  a  high  signal  to  noise  ratio.   Our  computer  based  multi- 
channel analyzer  allowed  us  to  process  data  as  it  was  being  collected,  and 
to  improve  the  peak  stripping  procedure  by  digital  subtraction  of  an  experi- 
mentally determined  background  signal  from  the  diffraction  pattern.   The  in- 
stallation of  a  higher  power  X-ray  generator  will  cut  down  the  exposure  time 
needed  to  obtain  interpretable  data. 

The  most  significant  advance  took  place  in  our  study  of  the  force 
generating  mechanism  in  simplified  muscle  preparations  under  direct  chemical 
control.   Excellent  diffraction  patterns  were  obtained  when  the  cell  membrane 
was  made  permeable  by  treatment  with  EGTA.   Strips  of  rabbit  psoas  fibers 
were  treated  overnight  with  a  standard  relaxing  medium  and  small  bundles 
("^   150  ym  in  diameter)  were  mounted  in  a  temperature  controlled  X-ray  cell 
containing  a  sensitive  force  transducer.   The  fiber  bundle  was  activated  by 
raising  the  calcium  level  to  10"^  M.   The  ATP  level  in  the  activating  solution 
was  backed  up  with  a  creatine  phosphate-creatine  phosphokinase  system.   When., 
the  temperature  was  increased  from  2  to  10  degrees  C,  the  steady  isometric  A 
force  increased  about  fourfold.   However,  the  intensity  ratio  of  the  two   ^ 
main  equatorial  reflections,  Iio/Iil>  was  essentially  unchanged  over  this 
temperature  range.   Since  the  intensity  ratio  provides  information  about 
the  radial  position  of  the  myosin  "heads,"  these  observations  suggest  that 
calcium  causes  the  heads  to  move  toward  the  actin  filament,  and  that 
force  development  is  a  subsequent  process  with  a  very  high  temperature  co- 
efficient.  (Shapiro,  Tawada,  Podolsky) 

Interpretation  of  the  diffraction  patterns.   Equatorial  X-ray  reflections 
from  partially  activated  skeletal  muscle  were  examined  in  detail  to  see  how 
the  structural  changes  associated  with  force  generation  affect  the  diffraction 
pattern.   Various  isometric  force  levels  at  2-3°C  were  elicited  in  frog 
sartorius  muscle  by  means  of  rapidly  cooling  a  Ringer  solution  containing 
1.25-2.0  mM  caffeine.   Diffraction  patterns  were  recorded  during  contraction. 
A  direct  correlation  betxizeen  force  level  and  intensity  change  was  found.   The 
intensities  I^o  and  In    changed  in  a  reciprocal  way  throughout  the  entire 
force  range.   The  results  suggest  that  the  myosin  heads  primarily  remain  in^ 
the  resting  configuration  until,  through  the  addition  of  calcium,  binding  sA 
are  made  available  on  the  actin  filament  and  the  heads  become  attached.   Th^_- 
fore,  the  structural  changes  associated  with  increasing  force  levels  appear 
to  reflect  titration  of  the  calcium  binding  sites.   Cooperative  movement 
of  myosin  heads  toward  the  actin  filaments  at  low  levels  of  calcium  is  absent. 
(Yu,  Hartt,  Podolsky) 
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Two  dimensional  X-ray  detector.   The  performance  of  a  new  position-sensitive 
X-ray  detector  for  use  in  the  study  of  the  X-ray  diffraction  pattern  from 
living  muscle  was  further  characterized.   Simultaneous  observations  of 
equatorial  and  meridional  diffraction  peaks  arising  from  frog  sartorius 
muscle  were  made  using  electronics  similar  to  that  used  by  a  single-wire 
detector.   (Sand,  Crist) 

Cross-bridge  force.   Several  recent  experiments  have  questioned  earlier  work 
which  suggested  that  a  muscle  cross-bridge  is  able  to  make  the  same  amount  of 
force  regardless  of  the  separation  between  the  actin  and  myosin  filaments. 
This  question  was  addressed  theoretically  by  Terrell  Hill  in  1970.   Since 
that  time  more  has  been  learned  about  cross-bridge  geometry  and  some  of  the 
factors  that  determine  cross-bridge  distribution.   This  additional  knowledge 
was  used  to  develop  equations  for  describing  the  way  in  which  the  three 
dimensional  orientation  of  the  cross-bridge  affects  its  behavior.   It  was 
found  that  the  cross-bridge  would  most  likely  produce  nearly  constant  force 
regardless  of  filament  separation.   This  is  a  useful  property  if  the  muscle 
is  to  operate  at  different  sarcomere  lengths.   (Schoenberg) 

Magnesium  and  the  contraction  kinetics.   In  order  to  avoid  artifacts  due  to 
diffusion  of  ATP  (and  ADP)  in  skinned  fibers,  a  technique  was  worked  out  for 
using  an  ATP  regenerating  system  in  contraction  kinetics  experiments  of 
skeletal  skinned  muscle.   Rabbit  (glycerinated  and  EGTA-skinned)  psoas  fibers 
were  found  to  show  a  large  elongation  phase  in  the  transient  before  attaining 
steady  shortening  speed.   The  elongation  phase  was  very  sensitive  to  changes 
in  solute  concentrations,  particularly  of  Mg''"''  ion  (and  possibly  of  ADP), 
indicating  that  myosin  cross-bridge  attachment  to  and  detachment  from  actin 
produces  the  transient  phase.   The  lower  the  free  calcium  ion  concentration, 
the  slower  the  maximum  shortening  velocity  and  the  shorter  the  distance  of 
the  initial  rapid  shortening  phase  (before  the  elongation  phase)  in  the 
transient;  ionic  strength  has  no  effect  on  these  two  parameters.   Similar 
results  were  obtained  with  frog  skinned  fibers  when  the  ATP  regenerating 
system  was  used.   Since  the  solution  used  here  contains  500-700  yM  of  free 
Mg"*"*"  ion,  these  results  indicate  that  the  calcium  switch  (on  troponin)  does 
not  work  in  an  on-off  manner,  but  works  in  a  graded  manner  in  the  presence  of 
a  high  free-magnesium  concentration.   (Tawada) 

The  activation  mechanism.   Analysis  of  the  regulation  of  intracellular  calcium 
movements  was  extended  with  studies  designed  to  elucidate  the  site  and 
mechanism  of  action  of  "depolarization"  in  stimulating  calcium  release  from 
isolated  skinned  muscle  fibers.   The  main  results  were:      a)  The  transverse 
tubules  may  be  the  primary  site  of  depolarization  in  these  fibers,  as  in 
intact  fibers;  the  "depolarization"  stimulus  is  selectively  dependent  on  the 
structural  integrity  of  the  internal  membrane  systems,  compared  to  stimuli 
believed  to  act  directly  on  the  sarcoplasmic  reticulum.   In  fibers  stretched 
to  long  sarcomere  lengths,  stimulation  of  ^'Ca  efflux  by  "depolarization"  is 
strongly  inhibited,  while  stimulation  by  caffeine  or  very  low  free  (Mg''"'")  is 
unimpaired.   Ancillary  experiments  support  the  concept  that  caffeine  and  low 
Mg  stimuli  act  directly  on  the  sarcoplasmic  reticulum;  e.g.  the  time  course  of 
stimulation  of  ^^Ca  efflux  by  low  Mg  depends  on  Mg  reduction  in  a  sequestered 
compartment.   b)   With  newly  developed  methodology,  the  solvent  volume  for 
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radioactive  probe  molecules  in  skinned  fibers  can  be  determined  accurately; 
the  distribution  volume  of  ^H-inulin  correlated  well  with  the  volume  pre-  ^ 
dieted  from  fiber  dimensions.   These  determinations  are  fundamental  to  in-  ^ 
vestigation  of  intracellular  ion  distributions  and  transmembrane  potentials, 
and  the  effect  of  depolarization  on  active  calcium  transport  by  the  sarco- 
plasmic reticulum.   (Stephenson) 

Cell  Membranes 

Phase  transitions  in  lipid  films.   Current  views  of  the  organization  of  lip^ 
and  the  processes  which  lead  to  the  formation  of  lipid  structures  in  membranes 
have  been  examined  by  a  rigorous  analysis  of  the  phase  relations  of  phospho- 
lipid dispersions  in  water.   A  new  equilibrium  surface  phase  has  been  found 
for  lecithins:   the  bimolecular  surface  state.   It  is  formed  by  adsorption 
and  only  in  the  presence  of  bulk  lecithin  in  the  dispersion.   This  bilayer 
state  occurs  over  a  narrow  (5-10°)  temperature  range  and  at  a  temperature 
which  is  characteristic  of  the  lecithin.   Membranes  containing  lecithin  are 
almost  universally  believed  to  undergo  a  liquid  condensed  (LC) -liquid  expanded 
(LE)  phase  transition.   However,  it  has  been  demonstrated  that  lecithin  does 
not  form  the  LC  state  and  therefore  this  transformation  probably  does  not 
exist  in  cell  membranes.   Our  studies  indicate  that  one  of  the  phase  transi- 
tions is  likely  to  involve  a  monolayer  %   bilayer  equilibrium  in  which  both 
phases  are  in  the  liquid  expanded  state.   (Gershfeld) 

Selective  phospholipid  adsorption  and  atherosclerosis .   Adsorption  studies  of 
phospholipids  indicate  that  fully  saturated  (disaturated)  lecithins  adsorb 
onto  solid  surfaces  in  preference  to  lecithins  in  which  one  or  both  fatty  ^ 
acids  are  unsaturated.   A  theory  based  on  these  adsorption  properties  predilB 
the  presence  of  atherosclerosis  when  disaturated  lecithin  levels  in  human 
plasma  are  elevated.   Analysis  of  plasma  lecithins  from  patients  with  myo- 
cardial infarction,  and  from  patients  with  premature  atherosclerosis  but 
with  low  plasma  and  triglyceride  levels  supports  the  theory,  suggesting  that 
the  disaturated  lecithin  level  is  a  significant  risk  factor  for  atherosclero- 
sis.  (Gershfeld) 

Red  cell  membrane  and  cholesterol.   Studies  were  started  on  the  mechanism  of 
the  transfer  of  cholesterol  between  plasma  lipoproteins  and  erythrocytes. 
As  a  first  step,  a  method  for  the  replacement  of  almost  all  of  the  membrane 
cholesterol  by  labelled  cholesterol  was  developed,  and  the  equivalence  of 
the  labelled  and  native  cholesterol  was  demonstrated.   Also,  a  method  was 
developed  for  the  removal  of  up  to  77%  of  the  membrane  cholesterol,  which 
should  be  of  value  in  determining  the  function  of  this  material  in  the 
membrane.   Fluorescence  measurements  showed  that  the  mean  distance  between 
the  membrane  protein  and  lucensomysin,  a  molecule  which  would  be  expected  to 
accumulate  in  the  cholesterol-containing  regions  of  the  membrane  is  27  A. 
(Gottlieb) 
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total  labeled  proteins,  and  differences  have  been  analyzed. 

Adhesion  in  the  macrophage  differs  from  adhesion  in  other  cells,  since  macrophagels 
cannot  be  removed  from  surfaces  by  trypsin  or  chelators.   Mutants  altered  in  ad- 
hesion are  therefore  being  selected  from  macrophage  lines  for  further  studies. 
Other  mutants  are  being  selected  for  alterations  in  macromolecular  synthesis  to 
see  how  this  affects  phagocytosis  or  adhesion. 
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Project  Description: 
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I.  Structure,  Assembly,  and  Function  of  the  Escherichia  coli  Outer  Membrane 
The  outer  membrane,  the  outermost  layer  of  the  gram-negative  cell,  is  known 
to  be  responsible  for  the  greater  antibiotic  insensitivity  of  these  organisms 
compared  to  gram-positive  cells.   Mutants  containing  defined  mutations  causing 
increased  antibiotic  sensitivity  can  serve  to  define  these  changes.   We  have 
isolated  and  mapped  two  loci  in  Ej_   coli,  nbsA  and  nbsB,  at  10  minutes  and  80 
minutes  of  the  chromosome,  respectively,  that  confer  increased  sensitivity  t«^ 
novobiocin,  as  well  as  to  other  drugs  and  inhibitors.   The  changes  appear  toW 
be  solely  in  the  lipopolysaccharide  moiety  of  the  outer  membrane,  consisting 
of  the  loss  of  distal  sugars  in  the  molecule  and,  in  both  nbsA  and  nbsB 
mutants,  the  possible  substitution  of  L-glycerol-D-mannoheptose  by  a  related 
molecule  (i.e.,  D-glycerol-D-mannoheptose) .   Little  or  no  changes  in  protein 
or  lipid  occur  in  the  nbsA  mutant.   This  is  the  first  time  that  such  anti- 
biotic sensitivity  has  been  traced  to  a  change  in  a  single  outer  membrane 
macromolecule,  as  previous  isolates  of  antibiotic-sensitive  mutants  had 
pleiotrophic  changes  resulting  in  loss  of  protein  as  well  as  alteration  in 
lipopolysaccharide . 

II.  Membrane  Molecules  and  Phagocytosis  in  Macrophages.  There  are  conflicting 
data  in  the  literature  as  to  whether  the  proteins  internalized  during  phago- 
cytosis are  representative  of  the  entire  membrane  or  whether  they  are  not. 

We  have  labeled  macrophage  membranes  by  lactoperoxidase-catalyzed  iodination 
and  allowed  phagocytosis  of  latex  particles,  either  underivatized  or  substi- 
tuted with  molecules  for  which  the  macrophage  has  receptors.   Preliminary 
evidence  suggests  that  under  some  conditions  the  iodinated  proteins  that  are^ 
internalized  may  not  be  representative  of  all  the  iodinated  proteins.       m 

III.  Selection  of  Macrophage  Cell  Lines,  Mutants,  and  Membrane  Properties. 
Adhesion  in  the  macrophage  differs  from  adhesion  in  other  cells,  since  macro- 
phages cannot  be  removed  from  surfaces  by  tr3rpsin  or  chelators.   Mutants 
altered  in  adhesion  are  therefore  being  selected  from  macrophage  lines  for 
further  studies.   Other  mutants  are  being  selected  for  alterations  in  macro- 
molecular  synthesis  to  see  how  this  affects  phagocytosis  or  adhesion.   We 
have  succeeded  in  selecting  lines  resistant  to  2-deoxyglucose  which  are  less 
adherent  and  may  be  altered  in  some  aspects  of  phagocytosis  as  well.   Their 
properties  are  being  studied  further. 
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SUMMARY  OF  WORK  (200  words  or    less  -  underline  keywords) 

Previous  studies  from  this  laboratory  have  shown  a  defect  in  cellular  immunity 
of  burned  mice  with  a  decreased  in  vitro  cytotoxicity  of  lymphocytes.   Investi- 
gations into  the  mechanism  of  this  phenomenon  indicate  a  defect  in  the  induction 
of  immunity  of  spleen  T  cells. 

Other  experiments  were  performed  to  study  the  host  defense  mechanism  of  burned 
animals,  which  depends  upon  the  migration  of  lymphocytes  and  macrophages  to  the 
burned  area  in  order  to  aid  in  the  process  of  phagocytosis  of  foreign  antigens, 
especially  bacteria.   Our  results  indicate  that  migration  of  macrophages  and 
lymphocytes  is  significantly  decreased  after  burn  trauma.   This  effect  is  not 


due  to  abnormal  production  of  lymphokines  that  influence  migration,  since 
macrophage  and  lymphocyte  inhibition  factor  production  was  normal  in  lymphocytes 
from  burned  mice. 

In  addition,  previous  experiments  showed  a  decrease  of  extravascular  fluid  move- j 
jment  in  mice  with  age.   Studies  were  made  of  the  effect  of  varying  concentrations 
I  of  NaCl  administered  in  the  diet  on  the  effects  upon  fluid  movement  and,  in  the 
jlong  run,  upon  longevity  of  mice. 
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Project  Description  ^ 

Objectives:  ^ 

Our  objectives  are  as  follows:   (1)  to  study  the  function  of  lymphocytes  and 
macrophages  in  traumatic  shock  of  mice;   (2)  to  elucidate  the  mechanism  of 
the  defect  in  cellular  immunity  after  burn  injury;   (3)  to  discover  the  mecha- 
nism of  action  of  protective  drugs  in  traumatic  shock;   and  (4)  to  investigate 
the  effect  of  salt  in  the  diet  on  extravascular  fluid  movement  and  on  longev-  ^^ 
ity  of  mice.  ^ 

Methods  Employed: 

(1)  and  (2).   Mice  were  given  a  moderately  severe  burn  of  2/3  body  surface 
area  in  water  at  70°  for  7  seconds  and  treated  subcutaneously  with  15%  of  body 
weight  of  0.85%  NaCl.   Splenic  T  cells  from  BALB/c  (H-2d)  mice  separated  on  a 
nylon  wool  column  were  used  as  responding  cells  in  the  one-way  mixed  lymphocyte 
culture.   Stimulating  C57BL  (H-2")  splenic  lymphocytes  were  irradiated  with 
2,000  rads.   A  mixture  of  responding  and  stimulating  cells  at  a  ratio  of  4  :  1 
was  incubated  at  37°  with  5%  CO2  for  5-6  days.   The  cells  were  harvested,  and 
viable  cells  were  counted  using  trypan  blue  exclusion.   Then  1-ml  of  sensitized 
cells  (2  X  106)  was  added  to  1  ml  of  51cr-labeled  target  cells  (5  x  10^)  and 
incubated  for  4  hours  at  37°.   Cytotoxicity  was  measured  by  the  amount  of  51cr 
released  from  target  cells  into  the  supernatant. 


(1)   Migration  experiments.   Macrophages  were  collected  from  the  peritoneal 
cavities  of  BALB/c  mice.   To  activate  macrophages,  0.3  ml  Freund's  complete 
adjuvant  was  injected  intraperitoneally .   Peritoneal  macrophages  were  harvestei 
4  days  later.   After  3  washes,  cells  were  suspended  at  a  concentration  of  1  x 
10^  cells/ml  in  Dulbecco's  medium.   Spleen  lymphocytes  were  harvested  and  made 
up  to  the  same  concentration  in  Dulbecco's  medium.   Microcapillary  tubes  were 
3/4  filled  with  the  desired  cell  suspension  (single  type  cell  or  mixture  of 
cells),  and  the  empty  end  sealed  with  a  flame.   The  tubes  were  centrifuged  and 
cut  at  the  cell-fluid  interface.   These  tubes  were  stuck  to  the  side  of  the 
well  of  multiwell  tissue  culture  plates  (Linbro  Scientific,  Inc.).   At  least 
12  wells  for  each  migration  assay  were  used.   One  ml  of  Dulbecco's  medium  was 
added  to  each  well,  and  the  plates  were  incubated  at  37°  in  5%  CO2  for  18 
hours.   Afterwards  the  patterns  were  fixed  with  glutaraldehyde.   The  area  of 
migration  was  measured  by  projecting  the  microscopic  image  on  a  standardized 
bond  paper,  and  migration  fans  were  traced,  cut  out,  and  weighed. 

To  test  for  the  production  of  lymphokines  affecting  migration,  BALB/c  mice 
were  sensitized  with  3  x  10^  EL-4  tumor  cells. 


t 


(4)   Swelling  of  the  mouse  tail  was  measured  on  application  of  a  mild  vacuum 
to  an  inbred  strain  of  mice  (AIJ).   Diets  were  prepared  containing  0.5%  to  4% 
NaCl. 

Major  Findings: 


t 


(1)  and  (2).   Splenic  T  cells  collected  on  the  2nd,  3rd,  and  4th  days  postburn 
showed  a  significantly  decreased  cytotoxicity  in  the  mixed  lymphocyte  culture 
reaction.   This  finding  indicates  that  the  decreased  cytotoxicity  of  lymphocytes 
is  a  result  of  a  defect  in  the  induction  of  sensitization  to  a  foreign  antigen. 


t 


466 


(1)   Migration  of  macrophages  and  lymphocytes  is  significantly  decreased  after 
burn  trauma.   This  effect  is  not  due  to  abnormal  production  of  lymphokines 
that  influence  migration,  since  macrophage  and  lymphocyte  inhibition  factor 
production  was  normal  in  lymphocytes  from  burned  mice. 

(4)   This  is  a  long-term  study,  and  results  will  be  forthcoming. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

These  studies  aid  in  the  understanding  of  the  mechanism  of  impaired  cellular 
immunity  after  trauma  and  of  the  influence  of  expansion  of  the  extracellular 
fluid  on  the  microcirculation  and  longevity. 

Proposed  Course: 

(1)  To  investigate  the  cause  (?  serum  factor  or  suppressor  cell)  of  the  impair- 
ment of  induction  of  cytotoxicity  of  lymphocytes  of  burned  mice;   (2)  to  study 
the  effect  of  increasing  the  ambient  temperature  on  the  role  of  catecholamines 
upon  mortality  and  metabolic  rate  of  burned  mice;   and  (3)  to  determine  the 
effect  of  expansion  of  the  extracellular  fluid  volume  on  the  microcirculation 
and  longevity. 

Publications: 

Markley,  K.,  and  Smallman,  E.  T.:   Effect  of  thermal  trauma  on  numbers  and 
function  of  T  and  B  cells  from  mouse  spleen.   Int.  Arch.  Allergy  Appl. 
Immunol.  54:  238-246,  1977. 

Rosenthal,  S.  M. :   Physiological  changes  with  age  in  the  microcirculation  and 
lymphatics.   In  Masoro,  E.  J.  (Ed.):   CRC  Handbook  of  Physiological  Changes 
with  Age.   Cleveland,  Ohio,  The  Chemical  Rubber  Co.,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Studies  of  the  tryptophan  synthase  a2S2  complex  serve  as  a  model  for  studies  of 
more  complicated  multienzyme  complexes.   The  identification  of  active  site  resi- 
dues in  the  62  subunit  has  been  accomplished  by  use  of  specific  chemical  modi- 
fication.  A  new  affinity  label,  bromoacetylpyridoxamine  phosphate,  has  been 
synthesized  and  shown  to  react  with  a  specific  sulfhydryl  residue  which  has  also 
been  shown  to  be  essential  for  catalytic  activity  by  studies  with  nitrothiocya 
benzoic  acid.   The  location  of  3  specifically  labeled  active  site  residues  i 
the  B2  chain  is  being  accomplished  by  the  isolation  of  protein  fragments  and  pep-r 
tides.   The  arrangement  of  the  subunits  in  the  02^2  complex  has  been  probed  by 
studies  of  limited  proteolysis  by  trypsin.   Subunit  association  inhibits  two 
types  of  proteolysis  which  occur  with  the  separate  a  and  S2  subunits  but  does 
allow  the  a  subunit  to  be  cleaved  at  one  region  without  loss  of  activity.   The 
active  "nicked"  a  subunit  has  been  isolated,  denatured,  resolved  into  2  inacti 
fragments,  and  reconstituted.   This  system  is  potentially  useful  for  studying 
folding  of  the  a  subunit  and  structure- function  relationships. 
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Project  Description: 

Objectives: 

Studies  of  the  tryptophan  synthase  0262  complex  of  Escherichia  coli  are 
directed  at  elucidating  how  the  a  and  32  subunits  are  regulated  when  they 
associate  to  form  an  1262  complex.   The  work  is  designed  to  serve  as  a  simple 
model  to  facilitate  studies  of  the  regulation  of  more  complicated  multienzyme 
complexes  in  higher  organisms.   Studies  of  tryptophan  synthase  take  advantage 
of  the  fact  that  the  cof actor  of  the  82  subunit,  pyridoxal  5 '-phosphate, 
serves  as  an  optical  probe  of  the  active  site;   this  cof actor  forms  inter- 
mediate complexes  with  substrates  and  inhibitors  which  can  be  followed  by 
optical  methods.   Experiments  are  designed  to  study  the  mechanism  of  the 
pyridoxal  5 '-phosphate  catalyzed  reactions  of  the  62  subunit  and  the  effects 
of  the  a  subunit  on  these  reactions.   Studies  are  also  aimed  at  determining 
the  essential  catalytic  residues  in  the  active  site  region  of  the  62  subunit 
and  determining  how  the  environment  of  these  residues  is  changed  by  inter- 
action with  the  a  subunit.   The  results  of  these  several  approaches  should 
give  a  picture  of  the  combined  active  site  and  of  the  subunit  interaction 
site  in  the  :i2^2   complex. 

Methods  Employed: 

Crystalline  a  and  82  subunits  and  ct2S2  complex  of  tryptophan  synthase  are  pre- 
pared and  assayed  by  methods  previously  developed  in  this  laboratory.   Absor- 
bance  spectra  and  difference  absorbance  spectra  are  made  with  a  Gary  118 
spectrophotometer.   Circular  dichroism  spectra  and  fluorescence  spectra  are 
also  made.   Subunit  association  studies  are  made  using  gel  filtration.   Chemi- 
cal modification  studies  are  carried  out  using  N-ethylmaleimide,  5,5'-dithio- 
bis-(2-nitrobenzoic  acid),  2-nitro-5-thiocyanobenzoic  acid,  iodoacetic  acid, 
and  the  substrate  analog  L-2-amino-4-methoxy-trans-3-butenoic  acid.   Affinity 
labeling  is  carried  out  using  4-bromoacetylpyridoxamine  5 '-phosphate,  which 
has  been  synthesized  in  our  laboratory.   Modified  enzymes  are  examined  for 
their  ability  to  combine  with  pyridoxal  5 '-phosphate  or  with  a  subunit  and 
for  their  ability  to  carry  out  partial  reactions.   Modified  amino  acid  resi- 
dues and  peptides  are  identified  by  labeling  with  radioactive  compounds  and 
by  techniques  of  proteolytic  digestions,  peptide  mapping,  ion  exchange  chro- 
matography, electrophoresis,  gel  filtration,  disc  gel  electrophoresis,  thin- 
layer  chromatography,  nuclear  magnetic  resonance,  mass  spectrometry,  infrared 
spectrometry,  amino  acid  analysis,  and  protein  sequencing.   Limited  tryptic 
hydrolysis  and  isolation  of  protein  fragments  are  also  carried  out. 

Major  Findings: 

We  have  synthesized  bromoacetylpyridoxamine  phosphate  and  have  shown  that  it 
is  an  affinity  reagent  for  the  S2  subunit  of  tryptophan  synthase  (3).   That 
is,  it  binds  reversibly  at  the  pyridoxal  phosphate  binding  site  and  reacts 
stoichiometrically  and  covalently  with  a  sulfhydryl  residue.   This  active  site 
sulfhydryl  residue  (SH-I)  has  been  shown  to  be  the  same  residue  which  reacts 
specifically  and  reversibly  in  the  absence  of  pyridoxal  phosphate  with  nitro- 
thiocyanobenzoic  acid  (4) .   These  studies  have  demonstrated  that  SH-I  is 
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essential  for  catalytic  activity  and  different  from  a  second  active  site 
sulfhydryl  residue  (SH-II)  which  is  not  essential  for  catalytic  activity.    ^ 
The  results  of  partial  tryptic  digestions  of  32  subunit  labeled  selectively  ^ 
at  SH-I  or  SH-II  show  that  both  sulfhydryl  residues  are  located  in  the  F^ 
fragment  which  also  contains  the  pyridoxal  phosphate  binding  site  (4). 

We  plan  to  determine  the  relative  locations  of  SH-I,  SH-II,  and  the  e-amino 
group  of  lysine  which  binds  pyridoxal  phosphate  by  isolating  and  sequencing 
peptides  which  contain  one  or  more  of  these  residues.   A  39-residue  tryptic  ^ 
peptide  containing  SH-I  labeled  with  bromo  [I'^Cjacetylpyridoxamine  phosphate  ^ 
has  been  isolated  (3).   A  cyanogen  bromide  peptide  containing  SH-I  labeled      ' 
with  [l^C] iodoacetate  and  the  essential  lysyl  residue  labeled  by  [3H]NaBH4 
reduction  of  the  pyridoxal  phosphate  Schiff  base  has  also  been  isolated. 

The  substrate  binding  site  of  the  62  subunit  has  also  been  probed  by  the  use 
of  substrate  analogs  which  are  converted  by  the  enzyme  into  a  reactive  form 
which  can  react  with  a  nucleophilic  group  in  the  binding  site  (7,  8).   Such 
inhibitors  have  been  termed  "suicide"  inhibitors  or  "K-cat"  inhibitors.   L-2- 
Amino-4-methoxy-trans-3-butenoic  acid  reacts  in  this  way  with  the  S2  subunit. 
A  chromophore  with  intense  absorbance  and  ellipticity  is  generated  simulta- 
neously with  inactivation  and  results  from  the  incorporation  of  one  mole  of  a 
derivative  of  [-^H] pyridoxal  phosphate  per  monomer,   A  similar  chromophoric 
derivative  has  also  been  prepared  from  pyridoxal  phosphate  and  L-2-amino- 
4-methoxy- trans-3-butenoic  acid  in  a  model  system.   The  chemical  nature  of 
the  chromophores  is  under  investigation  and  should  lead  to  identification  of 
a  group  in  the  substrate  binding  site. 

The  arrangement  of  the  subunits  in  the  a2S2  complex  has  been  probed  by  studies 
of  limited  proteolysis  by  trypsin  (5,  6).   Whereas  the  separate  a  and  B2  sub-|^ 
units  are  inactivated  by  limited  proteolysis,  association  of  these  subunits   ^»t 
into  an  0262  complex  inhibits  inactivation.   Thus  the  sites  of  cleavage  which 
lead  to  inactivation  are  unavailable  in  the  complex;   they  may  be  "buried"  in 
a  subunit  interaction  site  or  may  be  in  an  altered  environment  due  to  a  con- 
formational change.   The  primary  site  of  cleavage  of  the  a  subunit  does  occur 
in  both  the  separate  a  subunit  and  in  the  02^2  complex  but  does  not  result  in 
inactivation.   Limited  trypsin  treatment  yields  a  "nicked"  0262  complex, 
termed  a'262-   The  active  "nicked"  a  subunit,  termed  ct',  has  been  isolated, 
denatured,  and  resolved  into  two  inactive  fragments.   Mixing  of  the  two  frag- 
ments restores  activity;   since  the  activity  of  the  tryptophan  synthase  com- 
plex is  measured  in  this  assay  after  addition  of  B2  subunit,  the  demonstration 
of  activity  shows  that  the  a'262  complex  has  been  reconstituted.   This  new 
system  should  allow  us  to  study  folding  of  the  a  subunit  and  relate  function 
of  a  to  the  structure  of  its  component  fragments. 

Much  of  the  past  and  present  work  in  the  laboratory  has  been  reviewed  in  a 
review  chapter  (7)  and  in  an  invited  contribution  to  a  symposium  (8), 


Publications : 

(1)  Miles,  E.  W. :   Modification  of  histidyl  residues  in  proteins  by  diethyl- 
pyrocarbonate.   In  Hirs,  C.  H.  W. ,  and  Timasheff,  S.  N.  (Eds.):   Methods  in 
Enzymology,  Enzyme  Structure.   New  York,  Academic  Press,  1977,  Vol.  47, 
Part  E,  pp.  431-442. 
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(2)  Miles,  E.  W. ,  and  Moriguchi,  M. :   Tryptophan  synthase  of  Escherichia 
coli:   removal  of  pyridoxal  5 '-phosphate  and  separation  of  the  a  and  S2 
subunits.   J.  Biol.  Chem.  252:  6594-6599,  1977. 

(3)  Higgins,  W. ,  and  Miles,  E.  W. :   Affinity  labeling  of  the  pyridoxal  phos- 
phate binding  site  of  the  S2  subunit  of  Escherichia  coli  tryptophan  synthase. 
J.  Biol.  Chem.  253:  4648-4652,  1978. 

(4)  Higgins,  W. ,  and  Miles,  E.  W. :   Studies  of  the  function  and  location  of 
two  cysteines  in  the  62  subunit  of  tryptophan  synthase.   Biochem.  Biophys. 
Res.  Commun.  82:  265-272,  1978. 

(5)  Miles,  E.  W. ,  and  Higgins,  W.:   An  active  a'232  derivative  of  tryptophan 
synthase  formed  by  limited  proteolysis.   J.  Biol.  Chem.  253,  in  press. 

(6)  Miles,  E.  W. ,  and  Higgins,  W. :   Use  of  limited  proteolysis  to  probe  sub- 
unit  interaction  in  the  tryptophan  synthase  a2  62  complex.   In  Proceedings 

of  the  Fogarty  International  Conference  on  Limited  Proteolysis  in  Micro- 
organisms:  Biological  Function,  Use  in  Protein  Structural  and  Functional 
Studies,  April  17-19,  1978,  Bethesda,  Maryland,  Fogarty  International  Center, 
in  press. 

(7)  Miles,  E.  W. :   Tryptophan  synthase:   structure,  function,  and  subunit 
interaction.   In  Meister,  A.  (Ed.):   Advances  in  Enzymology  and  Related 
Areas  of  Molecular  Biology.   New  York,  John  Wiley  Si  Sons,  in  press. 

(8)  Miles,  E.  W. :   Inactivation  of  tryptophan  synthase  by  ct-cyanoglycine  and 
L-2-amino-4-methoxy-trans-3-butenoic  acid.   In  Proceedings  of  the  Inter- 
national Symposium  on  Substrate-Induced  Irreversible  Inhibition  of  Enzymes, 
Strasbourg,  France,  July  24  and  25,  1978.   Amsterdam,  The  Netherlands, 
Elsevier  Scientific  Publishing  Co.,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Replication  of  T4_  DNA  in  vivo  requires  several  proteins  encoded  by  the  phage  DNA 
including  the  gene  43  DNA  polymerase,  the  gene  32  DNA  unwinding  protein,  the 
gene  44  and  62  DNA-dependent  ATP as e,  the  gene  45  protein,  and  the  gene  41 
single-stranded  DNA-requiring  nucleotidase.   We  have  purified  these  proteins  and 
have  shown  that  they  stimulate  DNA  synthesis  in  vitro  with  the  T4  DNA  polymerase 
with  nicked  duplex  templates.   We  find  that  initiation  of  new  chains  on  single 
stranded  templates  requires  an  additional  factor  which  is  not  present  after 
infection  with  T4  mutants  in  gene  61  (DNA-delay  phenotype) .   This  initiation 
occurs  on  many  single-stranded  DNA's  and  requires  ribonucleotide  triphosphates 
We  are  presently  studying  the  mechanisms  by  which  chains  are  initiated  with 
circular  single-stranded  templates  with  these  proteins,  as  well  as  the  mecha- 
nisms by  which  they  accelerate  the  elongation  of  the  primer  and  unwind  duplex 
templates. 
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Project  Description: 

Objectives: 

To  determine  the  characteristics  and  functions  of  enzymes  which  are  involved 
in  the  synthesis,  modification,  and  degradation  of  DNA. 

Major  Findings  and  Proposed  Course: 

We  are  using  Escherichia  coli  infected  with  T4  bacteriophage  as  a  system  in 
which  to  identify  and  characterize  the  reactions  catalyzed  by  enzymes 
required  for  DNA  replication,  since  this  phage  appears  to  induce  the  sjm- 
thesis  of  the  enzymes  required  for  its  own  DNA  synthesis,  rather  than 
depending  on  host  proteins.   Phage  with  mutations  in  genes  coding  for  many 
of  these  enzymes  are  available  due  to  the  work  of  Edgar,  Epstein,  and  their 
collaborators,  and  phage-inf ected  bacteria  can  be  grown  in  quantities 
allowing  purification  of  sufficient  enzyme  for  biochemical  and  physical 
studies.   The  work  has  been  facilitated  by  a  regulatory  phage  mutant  charac- 
terized by  Wiberg  which  produces  high  levels  of  several  of  these  enzymes. 

Reactions  Catalyzed  by  the  T4  Replication  Proteins.   Genetic  studies  by 
Edgar  and  Epstein  et  al.  have  shown  that  the  proteins  encoded  by  the  phage 
genes  32,  41,  43,  44,  45,  and  62  are  required  for  DNA  synthesis.   Many 
other  phage  proteins  are  required  for  the  synthesis  of  DNA  precursors  or 
are  involved  in  controlling  the  time  or  extent  of  viral  DNA  synthesis.   We 
have  previously  developed  procedures  for  the  purification  of  the  gene  32 
DNA  unwinding  protein;   the  gene  43  DNA  polymerase  which  also  has  3'  to  5' 
exonuclease  activity;   the  complex  of  the  gene  44  and  gene  62  proteins, 
which  is  a  DNA-dependent  ATPase  (and  dATPase);   the  gene  41  protein,  a 
single-stranded  DNA-requiring  nucleotidase  which  hydrolyzes  rGTP  and  rATP 
at  similar  rates  and  dCTP  and  dATP  at  about  half  this  rate;   and  the  gene 
45  protein  which  stimulates  the  ATPase  activity  of  the  44-62  protein. 
DNA  synthesis  in  vitro  beginning  at  a  nick  in  duplex  DNA  requires  the  32, 
43,  44/62,  and  45  proteins  and  is  stimulated  under  some  conditions  by  the 
41  protein.   This  synthesis  requires  rATP  or  a  high  concentration  of  dATP  and 
under  optimal  conditions  leads  to  product  in  excess  of  DNA  used  as  template. 

Initiation  of  DNA  Chains.   During  the  past  year  we  have  been  studying  the 
initiation  of  new  chains,  using  circular  single-stranded  DNA's  as  templates. 
DNA  synthesis  with  these  templates  requires  T4  DNA  polymerase  and  the 
44/62,  45,  and  41  proteins,  as  well  as  an  additional  factor,  first  identi- 
fied in  some  preparations  of  32  protein  by  Alberts  and  his  collaborators. 
We  have  developed  an  assay  for  this  initiating  activity  based  on  the  copy- 
ing of  4'Xl74  DNA  in  the  presence  of  ribo-  and  deoxynucleotide  triphosphates, 
rifarapicin  (to  inhibit  RNA  polymerase),  and  saturating  levels  of  the  T4 
proteins  required  for  the  strand  displacement  reaction,  and  have  extensively 
purified  the  initiating  activity  from  T4-inf ected  E_^  coli. 

A  single  copy  of  the  <j)xl74  DNA  template  is  made  in  the  presence  of  the  ini- 
tiating activity  and  the  43,  44/62,  45,  and  41  proteins.   If  32  protein  is 
also  present,  strand  displacement  synthesis  occurs  after  completion  of  the 
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duplex  circle.   Electron  microscopic  analysis  (in  collaboration  with  M. 
Sullivan  and  J.  V.  Maizel)  shows  that  the  predominant  product  is  duplex 
circles  with  very  long  tails.   Initiation  of  new  chains  using  the  displaced 
strand  as  template  occurs  frequently,  since  most  of  the  tails  are  partially 
or  completely  single-stranded. 

The  initiation  reaction  requires  ribonucleotide  triphosphates;   rATP  and 
rCTP  are  sufficient  to  give  about  70%  the  reaction  observed  with  all  four 
ribonucleotide  triphosphates.   In  contrast  to  the  strand  displacement  re- 
action, rATP  cannot  be  replaced  in  the  initiation  reaction  by  high  concen- 
tration of  dATP.   Short  oligoribonucleotides  are  made  in  the  presence  of 
rATP,  rCTP,  41  protein,  and  highly  purified  initiating  factor.   We  have 
not  been  able  to  show  that  these  ribooligonucleotides  serve  as  primers  for 
DNA  synthesis  in  the  coupled  reaction. 

Since  the  initiation  reaction  occurs  with  a  variety  of  single-stranded 
templates,  it  is  unlikely  to  require  a  specific  sequence  present  at  the 
origin(s)  used  for  T4  DNA  replication  in  vivo.   It  is  more  likely  that 
this  reaction  is  analogous  to  the  beginning  of  "Okasaki  fragments"  during 
lagging  strand  synthesis  at  sequences  which  are  short  enough  to  be  present 
in  all  of  the  DNA's  which  serve  as  templates. 

T4  Gene  Is  Required  for  the  Initiating  Activity.   We  have  shown  that  the 
product  of  the  T4  gene  61  is  required  for  the  formation  of  the  initiating 
activity  which  works  in  conjunction  with  the  T4  proteins.   This  initiating 
activity  cannot  be  detected  in  crude  extracts  but  can  be  measured  following 
DNA  cellulose  chromatography.   No  initiating  activity  is  found  in  fractions 
from  uninfected  cells  or  from  nonpermissive  cells  infected  with  amber  mutants 
in  gene  61.   It  is  present  after  infection  of  nonpermissive  hosts  by  amber 
mutants  in  all  other  genes  tested,  as  well  as  after  infection  of  permissive 
hosts  with  gene  61  mutants.   These  studies  demonstrate  that  the  61  gene 
product  is  required  for  the  initiation  reaction.   Further  work  will  be  re- 
quired to  establish  whether  it  is  the  structural  gene  for  an  initiating 
protein. 

Mutations  in  gene  61  cause  a  marked  reduction  in  DNA  synthesis  in  vivo, 
especially  at  early  times  after  infection  and  at  low  temperatures.   We  are 
unable  to  detect  initiating  activity  in  vitro  in  extracts  made  from  non- 
permissive cells  infected  with  61"  mutants  at  times  (60  minutes  at  37°) 
when  there  is  clearly  T4  DNA  S3mthesis  in  vivo  .   At  present  there  is  no 
explanation  for  this  discrepancy.   It  is  possible  that  low  levels  of  ini- 
tiating activity  produced  under  nonpermissive  conditions  are  sufficient  to 
give  the  reduced  rate  of  DNA  synthesis  observed  in  vivo  but  are  not  suffi- 
cient to  be  detected  in  vitro.   Alternatively,  another  phage  or  host  protein 
may  perform  the  function  normally  carried  out  by  the  gene  61  product. 

Proposed  Course: 

During  the  next  year  we  will  try  to  determine  whether  the  initiation  of  new 
chains  on  single-stranded  templates  catalyzed  by  the  T4  proteins  begins  at 
specific  sequences.   We  will  investigate  whether  the  ribonucleotides  required 
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in  this  reaction  are  used  to  make  a  rioooligonucleotide  primer  and,  if  so, 
how  this  primer  is  removed  from  the  Dl   .  product.   We  will  continue  our 
efforts  to  separate  the  synthetic  reaction  into  stages  in  order  to  delin- 
eate the  functions  of  the  individual  proteins.   We  will  pursue  our  studies  of 
the  role  of  T4  gene  61  to  establish  whether  it  is  the  structural  gene  for  a 
priming  protein.   Since  the  T4  proteins  isolated  to  date  can  initiate  only 
on  single-stranded  templates,  we  will  look  for  additional  proteins  which 
may  be  required  to  facilitate  initiation  within  the  helix  of  duplex  DNA. 

Publications : 

Konrad,  E.  B. :   Isolation  of  an  Escherichia  coli  K-12  dnaE  mutation  as  a 
mutator.   J.  Bacterid.  133:  1197-1202,  1978^! 

Silver,  L.  L. ,  and  Nossal,  N.  G. :   DNA  replication  by  T4  bacteriophage 
proteins:   role  of  the  DNA-delay  gene  61  in  the  chain  initiation  reaction. 
Cold  Spring  Harbor  Symp.  Quant.  Biol.  43,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  are  continuing  our  studies  on  the  biological  role  of  polyamines.   Particular 
attention  is  being  directed  towards  the  selection  of  Escherichia  coli  and  yeast 
mutants  that  are  defective  in  the  biosynthesis  of  these  amines,  and  a  study  of 
the  resultant  phenotypic  effects. 


Studies  are  also  being  carried  out  on  the  characterization  of  the  specific 
enzymes  involved  in  spermidine  biosynthesis,  with  particular  emphasis  on 
adenosylmethionine  decarboxylase  from  prokaryote  and  eukaryote  sources. 
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We  are  also  identifying  plasmids  carrying  the  specific  K^  coli  genes  involved  in 
the  steps  of  poly amine  bios3mthesis.   These  are  being  used  to  obtain  high  yields 
of  the  enzymes  to  permit  more  complete  study  of  the  proteins  and  cofactors 
involved. 
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Project  Description: 

Mutations  in  Spermidine  Biosynthesis  in  Escherichia  coli  and  Saccharomyces 
cerevisiae. 

We  have  extended  our  studies  of  the  mutants  of  E^   coli  that  we  have  obtained 
for  polyamine  biosynthesis.   We  have  constructed  and  characterized  deletion 
mutants  in  each  of  four  steps  in  polyamine  biosynthesis.   We  have  been  able, 
by  transduction,  to  combine  these  deletion  mutants  into  a  single  organism. 
We  have  utilized  this  quadruple  mutant  (carrying  mutations  in  ornithine  decar- 
boxylase, arginine  decarboxylase,  agmatine  ureohydrolase,  and  adenosylmethionine 
decarboxylase)  to  study  the  role  of  polyamines  in  E^  coli.   These  organisms 
have  no  detectable  putrescine  or  spermidine.   Their  growth  rate  is  markedly 
slowed;   the  doubling  time  is  5  hours.   These  cells,  however,  are  able  to 
maintain  the  growth  of  various  bacteriophages.   The  sensitivity  to  some  anti- 
biotics is  slightly  enhanced.   We  are  continuing  studying  these  multiple 
mutants  to  try  to  define  specific  function  for  the  polyamines  in  E^  coli. 

We  are  also  isolating  more  mutants  in  adenosylmethionine  decarboxylase  in 
attempts  to  obtain  mutations  which  prevent  the  formation  of  the  pyruvate 
cof actor  in  the  enzyme,  as  well  as  structural  mutations  in  the  enzyme. 

In  order  to  further  study  the  pyruvate  cof actor  in  the  E.  coli  enzyme,  we  have 
isolated  a  plasmid  from  the  Carbon  collection  which  carries  the  Ej_  coli  gene 
for  the  adenosylmethionine  decarboxylase.   We  have  developed  culture  conditions 
for  cells  carrying  this  plasmid  to  amplify  the  amount  of  enzyme  that  we  can 
obtain  for  study. 

We  are  isolating  and  mapping  mutants  of  E.  coli  in  lysine  decarboxylase  in 
order  to  eliminate  the  formation  of  cadaverine  from  lysine  in  the  polyamine- 
deficient  organism. 

Studies  with  mutants  of  yeast  lacking  adenosylmethionine  decarboxylase  have 
yielded  evidence  for  two  specific  functions  of  spermidine  or  spermine  in  vivo : 
(1)  the  yeast  cannot  sporulate  and  (2)  they  cannot  maintain  the  double-stranded 
RNA  plasmid  of  yeast  called  "killer  plasmid."   Putrescine  cannot  substitute 
for  spermidine  or  spermine  in  these  functions.   The  gene  for  adenosylmethionine 
decarboxylase  is  tightly  linked  to  the  argl  gene  in  ^  cerevisiae  and  appears 
to  be  located  on  a  new  18th  chromosome. 

We  have  also  been  isolating  mutations  in  the  ornithine  decaboxylase  gene  to 
obtain  yeasts  that  are  completely  deficient  in  putrescine  as  well  as  spermi- 
dine and  spermine. 

We  have  devised  a  rapid  assay  for  mixed  leucocyte  histocompatibility,  based 
on  the  very  early  striking  increases  in  ornithine  decarboxylase  and  adenosyl- 
methionine decarboxylase,  two  of  the  enzymes  involved  in  polyamine  biosynthesis. 
We  have  also  obtained  a  highly  purified  growth  factor  from  regenerating  liver, 
which  acts  specifically  on  liver  cells  in  culture.   We  have  continued  our 
studies  of  rat  liver  adenosylmethionine  decarboxylase,  in  order  to  determine 
the  subunit  structure  of  the  enzyme,  and  the  stoichiometry  of  the  covalently- 
bound  pyruvate  cofactor. 
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We  have  extended  our  studies  with  the  amino  acid  analyzer  in  our  polyamine 
studies.   We  have  developed  methods  for  the  separation  of  adenosylmethionine 
and  decarboxylated  adenosylmethionine.  ■ 

Publications: 

Cohn,  M.  S. ,  Tabor,  C.  W. ,  and  Tabor,  H, :   Identification  of  a  pyruvoyl  resi- 
due in  S-adenosylmethionine  decarboxylase  from  Saccharomyces  cerevisiae. 
J.  Biol.  Chem.  252:  8212-8216,  1977. 


Hafner,  E.  W. ,  Tabor,  C.  W. ,  and  Tabor,  H. :  Isolation  of  a  metK  mutant  with 
a  temperature-sensitive  S-adenosylmethionine  synthetase.  J.  Bacteriol.  132: 
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Tabor,  H. ,  Hafner,  E.  W. ,  and  Tabor,  C.  W. :   Localized  mutagenesis  with  bac- 
teriophage Mu:   method  for  increasing  the  frequency  of  specific  bacterial 
mutants.   J.  Bacteriol.  132:  359-361,  1977. 

Cohn,  M.  S. ,  Tabor,  C.  W. ,  and  Tabor,  H. :   Isolation  and  characterization  of 
Saccharomyces  cerevisiae  mutants  deficient  in  S-adenosylmethionine  decarboxy- 
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of  pyruvate  in  S-adenosylmethionine  decarboxylase  from  rat  liver.  J.  Biol. 
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Tabor,  C.  W. ,  Tabor,  H. ,  and  Hafner,  E.  W. :   Escherichia  coli  mutants  com- 
pletely deficient  in  adenosylmethionine  decarbo 
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pletely  deficient  in  adenosylmethionine  decarboxylase  and  in  spermidine  bio-i^ 


Cohn,  M.  S. ,  Tabor,  C.  W. ,  Tabor,  H. ,  and  Wickner,  R.  B.:   Spermidine  or 
spermine  requirement  for  killer  double-stranded  RNA  plasmid  replication  in 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  presence  of  a  1.4  x  10^  dalton  double-stranded  KNA  in  intracellular  virus- 
like particles  (the  killer  plasmid  or  killer  virus)  in  Saccharomyces  cere- 
visiae  enables  cells  to  secrete  a  protein  toxin  and  be  immune  to  this  toxin. 
We  have  defined  28  chromosomal  genes  (called  makl,  .  .  .)  needed  to  replicate 
or  maintain  the  killer  plasmid.   One  of  these  genes  is  spe2 ,  the  structural 
gene  for  adenosylmethionine  decarboxylase.   Thus,  spermidine  or  spermine  is 
needed  for  killer  plasmid  replication.   Methods  for  complementation  and  genetic 
mapping  of  these  genes  have  been  devised.   We  have  discovered  a  nineteenth 
chromosome  of  yeast.   Mutations  in  any  of  four  chromosomal  genes  (called  ski) 
make  cells  superkillers.   These  mutations  make  certain  mak  genes  dispensable 
for  killer  plasmid  replication.   We  have  also  found  a  plasmid-coded  mak  gene 
and  a  plasmid-coded  ski  gene. 
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Proiect  Description: 

I 

Some  strains  of  the  eukaryote  Saccharomyces  cerevisiae  secrete  a  protein     ^ 
toxin  which  is  lethal  to  other  strains.   The  toxin-secreting  strains  are 
called  killers  (IT*"  phenotype)  and  are  immune  (R"*"  phenotype)  to  the  effects 
of  the  toxin.   Ability  to  secrete  an  active  toxin  depends  on  the  presence 
of  a  1.5  X  10   dalton  double-stranded  (ds)  RNA  (called  M)  which  is  found  in 
intracellular  virus-like  particles.   A  second  species  of  ds  RNA,  called  L^ 
(3.0  X  10"  daltons) ,  is  found  in  virtually  all  S.  cerevisiae  strains  and  may  S 
be  involved  in  the  killer  phenomenon.   It  codes  for  the  coat  protein  of  the   ^ 
virus-like  particles  in  which  it  is  encapsulated. 

We  have  previously  described  two  chromosomal  genes  kexl  and  kex2,  needed  for 
expressing  the  killer  phenotype,  but  not  needed  for  resistance  or  for  killer 
plasmid  (M  ds  RNA)  maintenance.   The  kex2  gene  is  also  necessary  for  secretion 
of  active  a_  hormone — a  pheromone  secreted  by  cells  of  o^  mating  type  which 
readies  a_   cells  for  mating — and  for  meiotic  spore  formation.   The  rexl  gene 
is  required  for  expression  of  resistance  to  the  toxin,  but  not  for  toxin 
production  or  plasmid  maintenance. 

Our  studies  have  also  revealed  24  chromosomal  genes  needed  to  maintain  or 
replicate  the  killer  plasmid-virus  (mak  genes).   Mutants  in  any  of  these 
genes  result  in  loss  of  the  M  ds  RNA,  but  not  of  L   ds  RNA.   Thus,  M  and  L 
must  be  replicated  and  maintained  by  very  different  enzymes.   Several  mak 
genes  are  also  required  for  optimal  growth  rates  and  other  cellular  functions. 


New  Findings : 

Polyamine  Requirement  for  Killer  Plasmid  Maintenance.   To  study  the  role  of 
polyamines  in  the  eukaryotic  cell,  Drs.  M,  S.  Cohn,  C.  W.  Tabor,  and  H.  Tabor 
isolated  mutants  deficient  in  adenosylmethionine  decarboxylase  (spe2)  and 
thus  unable  to  synthesize  the  polyamines  spermidine  or  spermine.   In  colla- 
boration with  Drs.  Cohn,  Tabor,  and  Tabor,  we  have  found  that  spe2  mutants 
lose  the  killer  plasmid  (M  ds  RNA)  when  starved  for  polyamines.   They  do  not 
lose  L  ds  RNA,  mitochondrial  DNA,  or  ij; ,  a  plasmid  which  potentiates  weak 
chromosomal  ochre  suppressors.   Either  spermidine  or  spermine  prevents  the 
loss  of  the  killer  plasmid.   This  is  the  first  mak  gene  whose  biochemical 
function  is  known,  and  one  of  the  first  specific  in  vivo  roles  demonstrated 
for  polyamines  in  eukaryotic  cells. 

Diploid-Dependent  mak  Genes.   We  have  isolated  a  number  of  new  mak  mutants, 
including  a  group  of  temperature-sensitive  (ts)  mak  mutants.   Two  ts  mak 
mutants  are  almost  dispensable  for  killer  plasmid  replication  in  diploid 
cells,  but  are  absolutely  required  in  haploid  cells.   This  finding  recalls 
our  previous  description  of  killejr  plasmid  mutants  whose  replication  and 
expression  was  normal  in  diploid  cells,  but  defective  in  haploids.   These 
findings  indicate  an  important  difference  in  killer  plasmid  replication 
between  haploids  and  diploids. 

New  Mapping  Method.   We  have  continued  locating  the  mak  genes  on  the  genetic 
map  of  yeast.   To  this  end,  we  have  developed  a  new  quicker  mapping  method 
which  will  be  useful  for  locating  any  yeast  mutant.   This  method  relies  on 

480 


i 


t 


the  fact  that  an  extra  chromosome  produces  aberrant  segregation  in  meiosis 
of  all  markers  on  that  chromosome.   We  have  constructed  a  special  triploid 
strain  with  each  chromosome  carrying  a  marker  in  the  -/+/+  configuration. 
The  anguploid  spores  generated  by  meiosis  from  this  "supertriploid"  are 
mated  with  the  unmapped  mutant.   These  crosses  allow  one  to  quickly  deter- 
mine on  which  chromosome  the  new  mutation  is  located.   Using  this  method, 
we  have  discovered  a  new  chromosome,  number  XIX,  for  yeast.   Several  more 
mak  genes  have  now  been  mapped  by  this  and  conventional  methods. 

Chromosomal  Superkiller  Mutants .   We  have  discovered  four  chromosomal  genes 
[skil  through  ski4  (for  superkiller) ]  recessive  mutations  in  any  one  of 
which  result  in  increased  production  of  the  killer  toxin.   Skil  is  on  chro- 
mosome VII  between  lys5  and  kexl;   ski4  is  on  XIV  very  close  to  kex2 ;   and 
ski3  is  on  XIV,  loosely  linked  to  kex2.   Mutation  of  the  skil  gene  results 
in  decreased  growth  rate.   Each  ski  gene  product  must  be  negatively  control- 
ling toxin  production  in  some  way. 

Mutants  in  each  ski  gene  have  an  increased  number  of  copies  of  M  ds  RNA  (the 
killer  plasmid-virus) .   In  addition,  each  ski  mutation  makes  several  mak 
genes  dispensable  for  killer  plasraid  replication.   Thus,  makl,  mak4,  mak5, 
mak6 ,  mak7 ,  and  spe2  mutations  are  bypassed  by  mutation  in  any  ski  gene. 
Mutation  of  ski4  makes  these  and  mak 10  dispensable,  while  mutation  of  skil 
makes  all  nine  mak  genes  tested  dispensable.   These  results  can  be  inter- 
preted by  hypothesizing  an  "alternate"  pathway  for  killer  plasmid  replica- 
tion, access  to  which  is  negatively  controlled  by  the  ski  gene  products. 

Plasmid-Coded  Maintenance  Function.   We  have  isolated  mutant  killer  plasmids 
(called  [KIL-sd]),  whose  maintenance  is  dependent  on  the  presence  of  a  chro- 
mosomal ski  mutation.   These  mutants  are  closely  analogous  to  the  chromosomal 
mak  mutations  which  result  in  killer  plasmid  loss,  except  if  the  cell  is 
ski~.   We  therefore  view  these  as  mutants  in  a  plasmid-coded  gene  (or  site) 
essential  for  replication  of  the  killer  plasmid  by  the  normal  pathway,  but 
dispensable  for  the  "alternate"  pathway. 

Plasmid  Superkiller  Mutants.   We  have  isolated  a  variant  killer  plasmid  which 
makes  the  cell  carrying  it  a  superkiller.   This  plasmid  (called  [KIL-b]  for 
_bypass)  no  longer  requires  the  products  of  mak4,  mak? ,  or  makll  for  its  main- 
tenance or  replication.   This  mutant  resembles  the  chromosomal  ski  mutations 
discussed  above.   We  suggest  that  this  mutant  plasmid  may  lack  a  site  or 
product  needed  for  the  action  of  one  of  the  ski  products. 
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Wickner,  R.  B. :   Deletion  of  mitochondrial  DNA  bypassing  a  chromosomal  gene 
needed  for  maintenance  of  the  killer  plasmid  of  yeast.   Genetics  87:  441- 
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Wickner,  R.  B. ,  and  Leibowitz,  M.  J.:   Dominant  chromosomal  mutation  bypass- 
ing chromosomal  genes  needed  for  killer  RNA  plasmid  replication  in  yeast. 
Genetics  87:  453-469,  1977. 


481 


Wickner,  R.  B. :   Deletions  of  mitochondrial  DNA  bypass  a  chromosomal  gene 

needed  for  maintenance  of  the  killer  double-stranded  RNA  plasmid.   In        ^ 

Schlessinger,  D.  (Ed.):  Microbiology-1978 .  Washington,  D.C.,  American  ^ 
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ANNUAL  REPORT  OF  THE  LABORATORY  OF  CHEMICAL  PHYSICS, 
NATIONAL  INSTITUTE  OF  ARTHRITIS,  METABOLISM  AND  DIGESTIVE  DISEASES 


One  of  the  major  objectives  of  research  in  this  Laboratory  is  the  clari- 
fication of  structure,  electronic  states  and  function.   Several  classes  of 
molecular  systems  continue  to  receive  special  attention:   porphyrins,  nucleic 
acids,  polynucleotides,  phospholipids  and  small  molecules  containing  chromo- 
phores  present  in  a  wide  variety  of  synthetic  and  natural  compounds. 

Four  principal  projects  illustrate  the  work  on  porphyrin  and  hemoglobins. 
Eaton  (in  collaboration  with  R.  Hochstrasser  at  the  University  of  Pennsylvania) 
has  initiated  a  study  of  hemoglobin  molecular  conformational  changes  which 
take  place  in  less  than  10"^  seconds  when  oxy-  or  carbonmonoxy-hemoglobin  is 
photolyzed  by  a  high-powered  laser  pulse.   The  laser  simultaneously  provides 
the  probe  which  permits  taking  a  spectrum  of  the  irradiated  molecule  in  about 
10"-^^  seconds  and  thus  monitors  the  conformational  changes.   Hofrichter  and 
Ferrone  have  completed  a  systematic  investigation  of  the  way  in  which  light 
scattering  may  be  used  to  study  the  polymerization  of  carbonmonoxyhemoglobin 
S  using  fast  laser  induced  photolysis  of  extremely  small  samples.   With  this 
technique  the  gelation  of  sickle  cell  hemoglobin  can  be  studied  under  the 
conditions  of  high  hemoglobin  S  concentration  characteristic  of  the  in  vivo 
system  where  ordinary  techniques  cannot  be  used  because  of  the  extremely  high 
inverse  concentration  dependence  of  the  delay  time  prior  to  gelation.  In 
addition,  a  similar  technique  has  been  used  by  Hofrichter  and  Gethner  to  meas- 
ure the  melting  and  repolymerization  kinetics  of  deoxyhemoglobin  S  when  cooled 
to  temperatures  at  which  the  total  concentration  is  less  than  the  solubility. 
Taken  together  with  Eaton  and  Sunshine's  study  of  the  molecular  mechanism  of 
gelation  of  hemoglobin  S  in  mixtures  with  hemoglobin  A  and  F,  these  studies 
are  designed  to  evaluate  the  strategies  which  have  been  suggested  to  increase 
the  delay  time  of  intracellular  gelation  of  hemoglobin  S  and  thus  to  prevent 
or  alleviate  sickle  cell  crises  in  patients  carrying  that  genetic  trait.   The 
requirements  of  each  strategy  have  been  evaluated  and  although  the  result 
indicates  that  a  "cure"  of  sickle  cell  disease  by  these  strategies  will  be 
difficult  to  achieve,  therapeutically  significant  kinetic  inhibition  of 
intracellular  gelation,  and  therefore  significant  reduction  in  the  severity 
of  disease,  could  be  accomplished  by  each  of  the  suggested  strategies. 

Kon  and  Chikira's  study  of  dimer  formation  of  Cu( II) -porphyrin  models 
and  of  Cu(II)-substituted  cytochrome  c  have  delineated  the  structures  and 
the  way  in  which  the  structural  forms  depend  on  the  pH  range.   Other  related 
studies  of  cytochrome  P-450,  both  in  vivo  and  in  vitro,  have  explained  the 
cytotoxic  action  of  several  clinical  drugs  which  interact  with  the  cytochrome 
and  related  enzymes. 

Both  theoretical  and  experimental  investigations  by  Chamey  and  his  col- 
laborators of  the  physical  properties  and  structure  of  polymers  by  techniques 
depending  on  their  polarized  optical  properties  when  oriented  in  an  electric 
field,  have  been  underway  for  some  years.   At  the  end  of  last  year  and  con- 
tinuing this  year,  several  new  aspects  have  been  initiated.   The  polymers 
now  being  studied  are  polynucleotides  and  DNA,  which  are  linear  negatively 
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charged  polyelectrolytes  whose  properties  (as  polyelectrolytes)  are  not  well 
established.   The  new  research,  which  uses  the  method  of  examining  the  effect  - 
of  electrolyte  perturbations  on  the  electric-field  induced  dichroism,  has    ^^i 
already  demonstrated  that  their  orientation  is  dependent  in  a  predictable  way^- 
on  the  condensation  of  strongly  held  counter-ions,  but  that  the  theories  which 
allow  these  predictions  cannot  account  for  microstructural  differences.   A 
typical  example  is  the  difference  in  the  behavior  on  protonation  of  double 
stranded  poly(A)  and  poly(C) ,  in  which  the  protonation  of  the  former  displaces 
condensed  counter-ions  in  a  predictable  fashion,  but  that  of  poly(C)  does  not. 
Structural  differences  account  for  the  difference  in  behavior.  M| 

The  spectroscopic  investigations  of  small  molecule  chromophores  by 
McDiarmid  is  also  taking  a  new  turn.   This  year  she  completed  vacuum  ultra- 
violet spectral  investigations  of  Rydberg  transitions  in  butadiene,  difluoro- 
ethylenes  and  sulfides.   However,  a  significant  fraction  of  the  time  has  been 
put  into  the  assembly  of  a  major  new  installation  for  the  examination  of 
spectra  of  symmetry-forbidden  transitions  by  multiphoton  absorption  of  super- 
cooled gaseous  molecules.   Under  the  condition  of  multiphoton  laser  absorption, 
the  symmetry  rule  does  not  restrict  the  allowability  of  these  transitions  and 
a  whole  new  dimension  is  expected  to  be  available  in  the  delineation  of  spec- 
troscopic states  of  chromophores  unperturbed  by  their  environment. 

Levin  and  his  collaborators  continued  their  studies  aimed  at  clarifying 
specific  membrane  bilayer  processes  as  reflected  by  the  vibrational  properties 
of  model  and  real  membrane  assemblies.   Hill  and  Levin  studied  the  temperature 
dependence  of  Raman  spectra  from  Aaholeplasma  laidlaui-i   membranes  containing 
deuterated  palmitic  acid.   By  focusing  on  spectral  lines  originating  in  the 
deuterated  chains,  they  found  that  the  gel  state  predominates  through  most  of^M 
the  phase  transition  region  but  that  significant  diffusion  of  membrane  com-   ^1 
ponents  can  occur  in  the  tightly  ordered  gel  assembly.   Meanwhile,  Levin  and 
Pearce  investigated  the  detailed  internal  valence  force  field  for  propane  and 
four  deuterated  derivatives,  which  serve  as  models  for  the  hydrocarbon  portions 
of  lipids.   For  the  first  time  in  this  sort  of  work  they  used  a  backward  elim- 
ination regression-refinement  method  for  selecting  and  adjusting  the  most 
significant  force  constants.   In  propane,  and  also  in  dimethyl  ether,  methyl- 
methyl  interaction  constants  are  found  to  be  particularly  significant. 

Fisk  and  Becker,  together  with  Miles  (LMB,  NIAMDD)  and  Pinnavaia 
(Michigan  State  University),  used  proton  and  -^  ^C  NMR  to  investigate  the  self- 
assembly  of  guanos ine-5 '-phosphate  at  neutral  pH.   Evidence  previously  obtained 
from  infrared,  NMR  and  x-ray  diffraction  studies  showed  that  the  sodium  salt 
of  5'-GMP  associates  to  form  a  planar,  hydrogen-bonded  tetramer,  which  might 
then  stack  to  form  higher-order  complexes.   Proton  NMR  chemical  shift  data  and 
^^C  MMR  relaxation  times  now  indicate  that  one  highly  stable  complex  consists 
of  only  two  such  tetramer  units.   Meanwhile  ^H  NMR  results  have  demonstrated 
a  remarkable  dependence  of  the  association  process  on  the  nature  of  the  catio^ 
present,  with  sodium,  potassium  and  rubidium  all  forming  stable  complexes, 
v^ile  lithium  and  cesium  provide  little  or  no  complexation. 


m 


Sharpless  and  Jennings  have  adapted  a  collection  of  generalized  computer 
modeling  programs  for  use  in  determining  the  stability  of  different  confor- 
mations and  configurations  of  organic  molecules  by  energy  minimization 
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procedures.   For  example,  they  found  that  the  drug  cyclophosphoramide  is 
probably  in  the  chair  conformation  with  an  axial  oxygen  atom,  and  in  col- 
laboration with  Adams  they  have  investigated  the  molecular  interactions  that 
may  occur  in  the  visual  pigment  rhodopsin. 

Weiss  and  Cook.  (University  of  Wisconsin,  Milwaukee),  have  synthesized 
the  first  derivative  of  a  complex  polycyclic  system  made  of  cyclopentane 
rings.   This  novel  and  previously  inaccessible  ring  system,  for  which  the 
name  "staurane"  is  proposed,  is  of  major  stereochemical  interest  on  account 
of  its  well  defined  geometry  and  high  symmetry.   Harmon  and  Weiss  have  identi- 
fied the  principal  blue  pigment  from  the  latex  of  the  mushrooms  of  the  genus 
Laotarius   as  the  stearoyl  ester  of  l-hydroxymethyl-4-methyl-7-isopropenylazu- 
lene.   [Dr.  Weiss  retired  during  the  last  year.   However,  he  has  been  appointed 
Scientist  Emeritus  and  plans  to  continue  research  in  this  Laboratory.] 

Ziffer,  Imuta  and  Kawai  have  continued  studies  of  asymmetric  syntheses 
in  order  to  develop  procedures  for  preparing  compounds  of  high  optical  purity 
that  can  be  used  in  structural  investigations.   The  configurations  of  a  series 
of  pyridylethanols,  obtained  from  the  microbial  reduction  of  the  three  isomeric 
acetylpyridines,  have  been  shown  to  be  S_,  in  accord  with  Prelog's  Rule. 

The  elucidation  of  the  mechanism  by  which  the  absorption  of  a  photon 
triggers  the  complex  reactions  of  the  visual  process  continues  to  be  a  major 
goal  of  the  Laboratory.   Yoshikarai,  Hagins  and  Rashidian  have  begun  an  investi- 
gation of  the  release  and  diffusion  of  the  intracellular  transmitter  of  visual 
excitation  by  means  of  new  metallochromic  dyes.   Meanwhile,  Robinson  has  shown 
that  the  bioenergetics  of  the  release  and  recovery  of  the  visual  transmitter 
substance  depends  in  part  on  a  GTPase  attached  to  the  disks  of  retinal  rod 
outer  segments. 

Hagins  and  Banfield  (NCI)  have  begun  the  development  of  a  new  electron 
probe  facility  useful  for  analyzing  the  elemental  composition  of  single  cells 
at  raillimolar  levels.   The  fast  freezing  of  cells  and  tissues,  which  is  often 
a  prerequisite  to  electron  probe  analysis,  has  been  studied  quantitatively 
by  Meisner,  Berman,  Kon  and  Hagins,  using  ESR  and  fluorometric  methods. 

Shean's  work  on  artificial  liquid  ion-exchange  membranes  has  developed 
a  system  that  exhibits  very  high  transport  selectivity  for  anions,  while  at 
the  same  time  showing  electrical  selectivity  for  cations.   RbSCN  has  been 
used  as  a  test  substance. 

Exposure  to  ambient  cigarette  smoke  produces  many  irritating  subjective 
symptoms  in  man.   The  effects  of  combinations  of  some  components  of  cigarette 
smoke,  such  as  nicotine  and  carbon  monoxide,  in  the  absence  of  other  suspended 
particulate  matter,  are  not  known.   Altland  has  found  that  nicotine  and  CO  in 
combination  produced  in  rats  greater  systemic  changes,  such  as  hypothermia, 
elevated  blood  glucose,  lactic  acid  and  aspartate  and  alanine  aminotransferase 
activity  levels,  than  the  same  concentrations  of  either  agent  alone.   The  con- 
centrations of  the  noxious  agents  needed  to  induce  systemic  changes  exceeded 
Governmental  threshold  standards  for  the  individual  agents,  but  these  results 
emphasize  the  possibility  that  mixtures  of  pollutant  agents  may  show  synergis- 
tic effects  not  predictable  by  the  action  of  single  agents. 
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Project  Description: 
Objectives : 

1.  Elucidation  of  the  forces  within  and  between  molecules,  especially 
those  of  potential  biological  importance. 

2.  Development  of  spectroscopic  methods  for  studying  molecular  struc- 
ture and  analyzing  materials  of  chemical  and  biological  interest. 

Major  Findings  and  Future  Plans: 

The  self-assembly  of  guanosine  5 '-monophosphate  alkali  metal  salts 
(Na2GMP,  K2QIP,  Rb2GMP  and  CS2GMP)  into  higher  molecular  weight  complexes 
in  aqueous  solution  has  been  further  studied  by  proton  and  carbon-13  NMR. 
The  complexity  of  preliminary  proton  and  carbon-13  spectra  of  the  K   struc- 
ture prompted  us  to  obtain  a  thorough  220  MHz  proton  NMR  profile  of  the 
effect  of  temperature  and  concentration  on  self-structure  formation  in  K2GMP 
solutions.   This  revealed  that  at  least  three  species  of  differing  stability 
contribute  to  a  total  of  six  resolvable  lines  in  the  H8  region.   Continued 
studies  with  the  cesium  salt  have  indicated  that  when  sample  preparation 
procedures  are  devised  to  ensure  the  absence  of  Na  ,  minimal  structure  for- 
mation is  observed.   We  are  pursuing  the  possibility  that  there  is  a  kinetic 
effect  on  structure  formation  in  CS2GMP.   In  general,  it  appears  that  geo- 
metrical constraints  imposed  by  stacked  GMP  tetramers  may  explain  the  relative 
stabilities  we  observe  for  alkali-metal  GI'IP  complexes  (lC''>Na''',  Rb"'">>Li  ,  Cs  )  . 
This  would  involve,  according  to  our  calculations,  coordination  of  a  central 
Na   to  the  four  guanine  oxygens  in  the  plane  of  the  tetramer,  while  larger 
atoms  K  and  Rb   each  coordinate  to  eight  oxygens  in  a  central  location 
between  tetramer  planes.   In  addition,  we  have  completed  a  more  detailed 
study  of  the  carbon-13  relaxation  of  Na2GMP,  including  deconvolution  of 
overlapping  lines  to  better  resolve  neighboring  resonances  which  differ  in 
their  relaxation  parameters.   In  order  to  estimate  the  size  of  self-structures 
formed,  we  have  calculated  the  relaxation  parameters  (T^,  T2  and  NOE)  of  rigid 
ellipsoids  having  dimensions  of  various  n-mers  of  Na2GMP  for  comparison  with 
our  data  measured  at  68  MHz.   We  find  our  data  agree  most  closely  with  cal- 
culated values  for  structures  of  moderate  size  (e.g.  octamers)  when  consid- 
erations of  anisotropic  motion,  hydration  and  macroviscosity  are  included. 
Previously  reported  data  on  ^H  chemical  shifts  are  most  readily  interpreted 
in  terms  of  an  octamer  formed  by  head-to-tail  stacking  of  two  tetrameric 
units.   (Fisk,  Miles,  Pinnavaia,  Becker) 

Further  analyses  have  been  carried  out  of  the  minimization  of  random 
errors  in  measurements  of  NMR  spin-lattice  relaxation  times.   Under  con- 
ditions of  ideal  180°  and  90°  pulses  the  data  can  best  be  fit  by  a  two 
parameter  procedure,  with  the  inversion-recovery  method  providing  the  optimum 
precision  under  most  situations  that  are  encountered.   (Weiss,  Ferretti,  Gupta, 
Becker) 
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^^C  NMR  relaxation  time  measurements  for  the  carbinol  carbon  in  tert- 
butanol  provide  sensitive  indications  of  the  extent  of  molecular  aggregation 
through  hydrogen  bonding.   As  the  concentration  of  the  alcohol  is  reduced  in 
an  inert  solvent  (hexadecane) ,  T^  lengthens  by  a  factor  of  three.   Surpris- 
ingly, the  nuclear  Overhauser  enhancement  shows  a  concomitant  decrease,  sug- 
gesting that  mechanisms  other  than  dipolar  interactions  contribute  to  relax-  ^ 
ation  in  dilute  solution.   (Sweeting,  Becker)  ^ 

Our  NMR  laboratory,  which  is  used  and  supported  financially  by  several 
Institutes,  now  has  improved  facilities  for  measurement  of  NMR  spectra  of 
several  nuclei  at  high  magnetic  field  (6.3  tesla) ,  as  a  result  of  the  con- 
struction of  two  new  probes  for  the  NIH-270  spectrometer.   One  probe  is  used 
for  the  study  of  ^^P  at  109  MHz,  while  the  other  is  tuneable  over  a  wide 
range,  permitting  study  of  ^-^C,  ^^Na,  ^^^q^,  ^e,    I^q  ^Lxid   other  nuclei.   (Shindo, 
Tschudin) 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Vibrational  Raman  spectroscopic  transitions  are  used  to  probe  the  dynamical 
processes  involved  in  lipid-lipid  and  lipid-protein  interactions  in  both  real 
and  model  membrane  bilayer  systems.   As  an  example,  temperature  profiles  for 
intact  membranes  of  Acholeplasma  laidlawii  were  compared  to  profiles  repre- 
sentative of  bilayers  formed  from  the  lipid  extract  of  the  organism.   Specific 
information  on  the  effect  of  the  physical  state  of  the  membrane  lipids  upon 
the  phase  transition  and  the  organization  of  intramembrane  components  was 
obtained. 

For  interpreting  the  Raman  and  infrared  spectra  of  bilayer  assemblies, 
extensive  sets  of  vibrational  assignments  were  made  for  model  systems  composed 
of  selected  lipid,  carboxylic  acid  and  alkane  aggregates. 
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Project  Description  \ 

Within  the  project  area  of  the  vibrational  dynamics  of  membrane  compo- 
nents and  membrane  assemblies  our  objectives  are  to  probe,  clarify  and  inter- 
pret the  vibrational  spectroscopic  characteristics  of  biological  membrane  and 
related  systems.   The  general  approaches  include:   (a)  analyses  of  the  Raman   . 
and  infrared  spectra  of  selected  systems,  (b)  determination  of  reliable  intra-^ 
molecular  force  fields  when  applicable,  and  (c)  interpretation  of  molecular 
charge  distribution  parameters  for  selected  model  systems. 

A  variety  of  laser  Raman  and  infrared  spectroscopic  procedures  provide 
the  required  data  for  the  various  vibrational  analyses. 

The  studies  during  the  past  year  were  partitioned  into  roughly  two 
separate  areas;  first,  the  continued  development  and  interpretation  of  the 
potential  functions  and  absolute  intensity  parameters  governing  the  vibra- 
tional dynamics  of  small  molecular  systems,  and  second,  the  clarification  of 
specific  membrane  bilayer  processes  as  reflected  by  the  vibrational  spectra 
of  model  and  real  membrane  assemblies.   These  investigations  are  described 
in  the  following  paragraphs. 

(1)  For  interpreting  molecular  charge  redistribution  parameters  (dipole- 
moment  derivatives  3P_/9Q-i_  and  3P_/3Sj_,  where  Q  and  S  are  normal  and  symmetry 
coordinates,  respectively),  the  integrated  infrared  absorption  intensities  for 
the  fundamental  vibrations  of  gas-phase  cyclopropane-dQ  and  cyclopropane-dg   ^ 
were  experimentally  determined  using  nitrogen  pressure-broadening  techniques. 
Cyclopropane  represents  the  first  strained  molecular  system  for  which  inten- 
sity interpretations  have  been  attempted.   Although  the  experimental  data 

were  insufficient  to  resolve  the  relative  sign  combinations  for  the  (3P_/3Q£) 
and  (3P^/3S-)  charge  distribution  parameters  in  the  A2"  symmetry  species,  a 
definitive  relative  sign  choice  was  indicated  for  the  E'  dipole-moment 
gradients.   The  normal  coordinate  transformations  required  for  the  dipole 
derivative  analysis  were  based  on  a  highly  reliable  force  field  cast  in 
terms  of  specific  coordinates  relevent  to  cyclopropane  and  related  molecules. 
(3P_/3Q-;_)q  dipole  gradients  determined  by  semi-empirical  CNDO/2  molecular 
orbital  calculations  were  used  to  indicate  a  preferred  sign  for  the  dipole 
derivatives.   Since  atomic  polar  tensors  provide  an  effective  means  for 
discussing  the  details  of  molecular  charge  reorganizations,  these  tensor 
elements  for  the  carbon  and  hydrogen  atoms  of  cyclopropane  were  calculated 
and  compared  to  those  for  methane  and  ethylene.   The  effective  charge 
parameter  for  the  hydrogen  atom  in  cyclopropane  was  also  examined  in  the 
context  of  vibrational  intensity  computations.   (Levin  and  Pearce) 

(2)  In  preparation  for  performing  normal  coordinate  computations  on 
the  hydrocarbon  portions  of  lipid  assemblies,  we  investigated  the  internal 
valence  force  field  for  propane  and  four  deuterium  isotopic  species.   This 
molecular  system  also  provided  us  with  sufficient  data  to  explore  the  use 
of  a  backward  elimination  regression-refinement  technique  for  selecting  and 
adjusting  significant  force  constants.   Although  this  regression  method 
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appears  to  be  a  powerful  approach  toward  developing  intramolecular  force 
fields  rapidly  and  economically  (on  a  large  digital  computer) ,  its  appli- 
cation to  force  field  computations  has  not  been  previously  examined. 

The  regression  analysis  for  the  final  minimum  parameter  force  field 
for  propane  retained  a  long  range  methyl-methyl  interaction  force  constant 
involving  H-C-C  in-plane  bending  displacement  coordinates  for  each  methyl 
rotor.   The  general  valence  force  field  for  propane,  whose  methyl  groups 
are  tilted  such  that  the  out-of-plane  CH3  hydrogen  atoms  approached  one 
another,  were  compared  to  force  fields  generated  by  us  for  other  two  rotor 
systems  in  which  the  methyl  groups  are  tilted  in  an  opposite  manner.   (Levin 
and  Pearce) 

(3)  For  further  applying  the  backward  elimination  statistical  proce- 
dure in  developing  intramolecular  force  fields  by  least-squares  adjustment 
techniques,  we  completed  computations  on  the  dimethyl  ether  -dg  and  -dg 
systems.   This  internal  valence  force  field  interestingly  emphasized  the 
importance  of  the  methyl-methyl  interaction  term  between  out-of-plane  H-C-0 
bending  displacement  coordinates.   The  subtle  effects  of  both  the  tilt  of 

the  methyl  group  and  the  inequivalence  of  the  Ri'^-plan^-C-O  and  H°"^"°f~Pl^^^- 
C-0  angles  upon  the  normal  coordinate  analysis  frequency  fits  were  assessed. 
(Levin  and  Pearce) 

(4)  Although  Raman  scattering  from  natural  membranes  tends  to  be 
relatively  feeble  and  difficult  to  record,  we  have  had  considerable  success 
in  obtaining  spectra  from  Acholeplasma  laidlawii  membranes  using  extensive 
signal  averaging  techniques  in  conjunction  with  a  new,  efficient  Raman 
spectrophotometer.   In  order  to  emphasize  spectroscopic  effects  originating 
from  the  lipid  matrix,  as  distinct  from  the  spectral  contributions  from 
protein  components,  the  mycoplasma  were  grown  in  media  containing  deuterated 
palmitic  acid  (D.  Engelman,  Yale  University)  such  that  all  lipid  acyl  chains 
could  be  differentiated  from  other  hydrocarbon  moieties.   By  monitoring 
various  spectra  transitions  associated  with  the  deuterated  chains,  contri- 
butions to  the  phase  transition  region  ('^29-45°C)  from  the  gel  and  liquid 
crystalline  states  could  be  assessed  from  temperature  profile  measurements. 
The  Raman  spectral  characteristics  suggest  that  the  gel  state  predominates 
through  most  of  the  phase  transition  region  and  that  significant  diffusion 
of  membrane  components  can  occur  in  the  tightly  ordered  gel  assembly.   (Hill 
and  Levin) 

(5) (a)  Although  the  carbon-hydrogen  stretching  modes  for  hydrocarbon 
containing  systems  were  thought  to  be  well  characterized,  the  vibrational 
assignments  for  the  symmetric  methyl  stretching  mode  were  questioned  by  us 
in  our  earlier  studies  of  model  membrane  systems.   Knowledge  of  the  identity 
of  the  methyl  modes  is  important  both  for  monitoring  perturbations  to  the 
lipid  acyl  chains  and  for  locating  intrinsic  membrane  components.   An  infra- 
red and  Raman  spectral  examination  of  a  series  of  carboxylic  acids  has 
clarified  the  complex  vibrational  patterns  found  in  the  carbon-hydrogen 
stretching  region  (2800-3000  cm~^)  and  has  elucidated  the  previously 
unidentified  Fermi  resonance  effect  for  the  s^/mmetrical  methyl  stretching 
vibration  in  long  chain  hydrocarbons.   (Hill  and  Levin) 
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(b")   Since  the  methylene  bending  spectral  region  for  hydrocarbon     ' 
systems  (1400-1480  cm"  )  reflects  interchain  interactions  relevant  to  lipid 
aggregates,  various  hydrocarbon  and  carboxylic  acid  molecules  were  carefully 
studied  in  an  effort  to  assign  the  spectral  transitions  related  to  both 
intra-  and  intermolecular  effects.   The  systems  were  examined  for  a  variety 
of  physical  states  for  several  polymorphic  forms.   (Hill  and  Levin) 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute 
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Raman  spectroscopy  offers  a  potentially  valuable  approach  toward 
examining  dynamical  properties  of  natural  and  artificial  membrane  bilayer 
assemblies  since  no  membrane  perturbing  agent  is  introduced  by  the  technique. 
This  is  particularly  important  for  investigating  conformation  changes  induced 
in  bilayer  systems  either  by  changes  in  temperature  or  by  addition  of  mem- 
brane substituents  and  for  clarifying'  lipid-lipid  and  lipid-protein  inter- 
actions within  the  bilayer. 

Proposed  Course  of  Project 

(a)  Raman  spectral  studies  will  continue  on  both  the  natural  membranes 
and  lipid  extracts  of  Acholeplasma  laidlawii.   Specific  structural  modifi- 
cations of  the  lipid  matrix  will  be  introduced  during  the  growth  of  the 
organism.   Emphasis  will  be  placed  on  the  organization  of  intramembrane 
components. 

(b)  The  effects  of  lipid-melittin  interactions  in  model  bilayer  systems  ^ 
will  be  investigated  in  order  to  further  characterize  the  effects  of  inte- 
gral membrane  proteins.   Both  the  complete  melitten  molecule,  with  its 

apolar  and  hydrophobic  portions,  and  its  hydrophobic  segments  alone  will  be 
studied. 

(c)  Studies  will  continue  on  (i)  the  packing  characteristics  of 
cholesterol-phospholipid  complexes  in  bilayers  and  (ii)  the  differentiation 
between  in-side  and  out-side  bilayer  surfaces  by  Raman  techniques. 

(d)  Resonance  Raman  studies  on  selected  proteins  will  continue  using 
tunable  dye  laser  procedures  in  the  visible  and  ultraviolet  spectral  regions. 
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SUMMARY   OF   WORK    (200   vjords   or   less   -   underline    keywords) 

Study  of  1-  and  2-halogenocodeines  and  -morphines  has  been  continued. 
Further  development  of  methods  worked  out  in  cooperation  with  Prof.  J.  M.  Cook 
has  yielded  the  first  derivative  of  tetracyclo[5.  5  .1.0^' -'--^.0-'-^'^-^]  tridecane; 
the  name  "staurane"  is  proposed  for  this  novel  ring  system,  which  is  of  great 
stereochemical  interest  because  of  its  high  symmetry.   The  main  pigment  of  the 
blue  latex  of  the  edible  mushroom  Lactarius  indigo  has  been  identified  as  the 
stearate  ester  of  l-hydroxymethyl-4-methyl-7-isopropenylazulene;  it  is  only  thg^ 
third  example  of  a  naturally-occurring  azulene.   The  related  I.,  paradoxus  with^^ 
red  latex  seems  to  contain  a  dihydro  derivative  of  the  blue  pigment  from  1^. 
indigo.   The  main  alkaloid  from  Amoora  rohituka  (Meliaceae)  has  been  isolated 
in  pure,  crystalline  form;  its  chemical  constitution  is  being  studied.   The 
plant  was  used  in  traditional  medicine  of  ancient  India. 
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Major  Findings,  Future  Plans 

1.  Analgesics  of  the  Morphine  Series.   The  2-f luoromorphine  mentioned 

in  last  year's  report  has  been  more  fully  characterized  by  Dr.  Kenneth  L.  Kirk, 
LC-NIAMDD.   Surprisingly,  preliminary  tests  indicate  only  about  one-half  the 
analgesic  action  of  the  parent  morphine.   Preparation  of  the  compound  is  being 
studied  in  greater  detail,  yields  at  present  being  quite  modest.   Once  the 
substance  is  available  in  larger  amounts,  its  pharmacological  properties 
(pain-relieving  action,  receptor  binding)  are  to  be  examined  more  completely. 
The  study  is  to  be  extended  to  the  entire  series  of  1-  and  2-halogenated  mor- 
phines and  codeines. 

2.  Reaction  of  Dimethyl  3-Ketoglutarate  with  Dicarbonyl  Compounds. 
This  reaction,  which  provides  a  convenient  general  route  to  otherwise  quite 
inaccessible  ring-systems  made  up  of  cyclopentane  rings,  has  been  studied 
further  in  cooperation  with  Prof.  Cook  and  his  students.   Methods  developed 
last  year  (see  report  from  1976-77)  for  the  synthesis  of  tricyclo[6.3.0.0  '  ]- 
undecane-3, 7 ,9-trione  have  been  modified  to  permit  the  preparation  of  a  tetra- 
keto  derivative  of  tetracyclo  [5,5 .1.0^'-'--'.0-'-^»-'--^]  tridecane;  we  have  proposed 
the  name  "staurane"  (from  Greek  staurds,    cross)  for  this  unusual  ring  system, 
which  is  of  major  stereochemical  interest  on  account  of  its  well-defined  geo- 
metry and  high  symmetry.   Study  of  the  spectroscopic  properties  of  staurane 
and  its  derivatives  should  be  very  informative,  and  is  planned.   Attempts  in 
other  laboratories  to  synthesize  compounds  of  the  staurane  series  for  such 
purposes  seem  to  have  failed.   Work  on  the  preparation  of  novel  cyclopentanoid 
ring  system  is  continuing  in  cooperation  with  Prof.  Cook. 

3.  Azulene  Pigments  from  the  Latex  of  Mushrooms  of  the  Genus  Lactarius. 
Earlier  work  by  Drs.  K.  H.  Weisgraber  and  K.  Yoshihira  (see  reports  of  1974- 
75  and  1975-76)  has  been  resumed  and  advanced  (Dr.  A.  Harmon) .   A  sufficient 
supply  of  L_.  indigo  with  blue  latex,  collected  for  us  in  Florida,  has  per- 
mitted the  isolation,  in  pure  crystalline  form,  of  the  main  blue  pigment, 
which  has  been  identified  unequivocally  as  the  stearoyl  ester  of  1-hydroxy- 
methyl-4-methyl-7-isopropenylazulene;  it  is  interesting  that  one  of  the  main 
pigments  of  the  edible,  orange-colored  L.  deliciosus,  widely  collected  in 
Europe,  is  known  to  be  a  dihydro  derivative  of  our  compound.   The  blue  pigment 
from  L^.  indigo  undoubtedly  exists  as  such  in  the  latex.   It  is  only  the  third 
azulene  pigment  shown  to  occur  preformed  in  nature;  the  many  other  azulenes 
that  have  been  obtained  from  numerous  essential  oils  are  artifacts  formed 
during  isolation. 

Two  other,  more  polar  blue  pigments  from  L^.  indigo  remain  to  be  identi- 
fied; they  occur  in  lesser  amounts.   All  three  blue  pigments  are  converted 
to  green,  high-molecular  weight  products  with  great  ease,  e.g.  on  addition 
of  methanol  to  their  solutions  in  acetone,  the  two  minor  pigments  being  even 
more  labile  than  the  main  one. 

A  related  species  with  rust  red  latex,  L^.  paradoxus,  collected  in 
Mississippi,  contains  a  brown  pigment  which  appears  to  be  identical  or 
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isomeric  with  the  orange  stearate  from  L,.  deliciosus;  because  of  its  great 
lability  (characteristic  for  compounds  of  this  type) ,  it  has  not  yet  been 
obtained  in  pure  form. 


# 
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The  study  of  the  pigments  of  the  genus  Lactarius  is  being  continued. 

4.   Alkaloids  from  Amoora  rohituka  (Meliaceae).   This  plant  is  mentioned 
in  works  on  the  traditional  Materia  Medica  of  India.   Extracts  obtained  from 
Prof.  R.  F.  Raffauf,  Northeastern  University,  Boston,  Mass.,  were  found 
(A.  Harmon)  to  be  rich  in  alkaloids,  two  of  which  have  been  isolated  in  pure, 
crystalline  form  by  column  chromatography  and  TLC.   The  main  alkaloid  forms 
pale  yellowish  crystals  of  the  composition  C15H19NO5  and  has  recently  been 
identified  as  2-methyl-5, 7-dihydroxy-8-(N-methyl-3'-hydroxy-4'-piperidino)- 
chromone.   Stereochemical  assignments  are  yet  to  be  made. 

Several  alkaloids  from  plants  of  this  family  occur  in  the  literature, 
but  none  of  them  seems  to  have  been  studied  in  detail. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  membrane  system  was  further  developed  that  exhibited  very  high  transport 
selectivity  for  anions  while  at  the  same  time  showing  electrical  selectivity 
for  cations.   The  system  consisted  of  a  liquid  anion  exchanging  membrane  portion 
and  a  porous  solid  cation  exchanging  portion.   As  an  example,  when  this  system  was 
interposed  between  .001  N  Rb  SCN  and  .1  N  Rb  SCN  solutions,  with  a  Rb*SC*N 
radioactive  tracer  in  the  more  dilute  solution,  the  exchange  of  SCN"  across  th|^ 
membrane  was  3,680  times  faster  than  the  exchange  of  Rb"*".   However,  as  calculat 
from  the  membrane  potential,  the  electrical  transference  number  of  the  Rb"*"  was 
.943  while  that  of  the  SCN"  was  .057  or  in  other  words,  the  dissociated  rubidium 
ions  were  traversing  the  membrane  16  times  faster  than  the  thiocyanate  ions.   In 
the  latter  case,  the  potential  is  caused  only  by  the  ions  that  are  dissociated 
while  going  through  the  membrane,  primarily  through  the  porous  portion.   In  the 
former  case  both  the  dissociated  and  undissociated  ions  (going  primarily  throu|^^' 
the  liquid  portion  of  membrane)  are  counted.   The  ions  that  go  through  the 
membrane  in  an  undissociated  state  far  out  number  those  going  through  in  the 
dissociated  state.   The  large  transport  selectivity  was  accomplished  by  taking 
into  account  how  the  Donnan  distribution  would  affect  the  radioactive  tracer. 
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Objectives : 

To  study  the  physical  chemical  characteristics  of  liquid  ion-exchange  membranes, 
porous  ion-exchange  membranes,  other  membrane  systems  and  models  with  the 
ultimate  aim  of  providing  a  rational  basis  for  various  complex  membrane 
phenomena  in  living  systems. 

Methods  Employed: 

The  methods  employed  were  essentially  the  same  as  reported  previously, 
including  flame  photometry,  potentiometric  titrations  (including  the  chlori- 
dimeter) ,  spectrometry,  nonaqueous  titrations,  radioactive  tracer  methods,  etc. 

Major  Findings: 

The  transport  selectivity  in  a  concentration  cell  of  a  mosaic  membrane  consist- 
ing of  a  liquid  anion  exchanging  portion  and  a  porous  cation  exchanging  portion 
has  been  found  to  vary  according  to  the  ratio  of  the  electrolyte  when  the  same 
amount  of  tracer  is  used  in  each  cell,  e.g.,  a  .001  N  Rb*Sc*N  vs.  .1  N  RbSCN 
cell  (Cell  A)  (100:1)  gives  a  higher  thiocyanate  ion  to  rubidium  ion  transport 
(exchange)  ratio  than  a  .001  N  Rb*SC*N  vs.  .01  N  RbSCN  cell  (Cell  B)(10:l). 
In  this  case,  the  larger  the  ratio,  the  larger  the  selectivity.   However,  this 
is  not  true  with  cells  in  which  the  radioactivity  is  in  the  more  concentru.ted 
solution,  e.g.,  the  selectivity  of  the  .1  N  Rb*SC*N  vs.  .01  N  Rb  SC  N  cell 
(Cell  0(10:1)  is  higher  than  that  of  the  .1  N  Rb*SC*N  vs.  .001  N  RbSCN  cell 
(Cell  D) (100:1). 

The  reason  for  this  lies  in  the  maximum  possible  percent  exchange  that  the 
Donnan  equilibrium  will  allow  for  each  cell.   For  Cell  A  it  is  possible  for 
99%  of  the  radioactive  ions  to  cross  the  membrane  and  become  distributed  in 
the  same  ratio  as  the  non-radioactive  ions.   In  Cell  B  only  91%  finally  will 
be  distributed  across  the  membrane — in  Cell  C  9%  and  in  Cell  D  only  1%.   Since 
there  is  a  constant,  although  small,  exchange  or  leak  of  Rb+  across  the 
membranes,  the  faster  the  exchange  of  the  SCN~  the  larger  the  selectivity. 
And  it  is  this  rate  of  SCN~  exchange  that  is  dependent  on  the  maximum  possible 
percent  exchange  based  on  the  Donnan  distribution. 

To  illustrate  this  with  figures: 

%  SC*N"        %  Rb*+         SCN~ 

^  ,  /,        T,  ,  /,  „■  J.  exchange  ratio 

Exch/hr       Exch/hr         Rb^ f 

8.1  .0022  3,680 

3.0  .0079  380 

.24  .0024  100 

.085  .0023  37 

Although  the  exchange  rates  of  the  cells  can  not  be  exactly  compared  with  each 
other  because  the  same  membranes  were  not  used  in  all  the  cells,  they  do  show 
the  effect. 
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% 
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Cell  A 
Cell  B 
Cell  C 
Cell  D 

99 

91 

9 

1 
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An  additional  factor  is  the  competition  that  the  radioactive  ions  have  with  t^^ 
non-radioactive  ions  (on  the  same  side  of  the  membrane)  in  exchanging  across 
the  membrane.   Certainly  with  a  given  amount  of  radioactivity  in  each  cell,  if 
that  radioactivity  is  in  a  .1  N^  solution  it  has  100  times  more  ions  competing 
for  exchange  sites  than  if  it  were  in  a  .001  N  solution. 

This  finding  enabled  cells  to  be  assembled  which  showed  very  high  transport  ^ 
selectivity  for  anions  vs.  cations,  e.g.,  3,680:1  while  showing  through  the  ^ 
concentration  potential  that  the  membrane  was  electrically  selective  to  cations. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Movement  of  ions  through  membranes  and  electrical  potentials  across  them  are 
important  aspects  of  all  life  processes.   The  project  tries  to  provide  solidly 
founded,  nonspeculative  physico-chemical  background  information  on  the  func- 
tional behavior  of  membranes  in  general.   At  the  same  time,  these  membrane 
studies  have  furnished  a  new,  now  widely  used  tool  for  the  electrometric 
determination  of  ion  activities — the  use  of  permselective  membranes  as  membrane 
electrodes.   The  work  of  recent  years,  such  as  model  studies  on  the  accumulation 
of  electrolytes  against  concentration  gradients,  on  the  physical  chemistry  of 
liquid  ion  exchange  membranes  of  extreme  ionic  selectivity,  on  carrier  trans- 
port, and  the  successful  prediction  of  certain  involved  effects  in  multi-ionic 
membrane  systems,  indicates  that  an  increasing  variety  of  complex  membrane 
effects,  similar  to  those  in  living  nature,  are  becoming  more  and  more  amenable 
to  a  fairly  complete  physico-chemical  analysis. 


Proposed  Course  of  Project: 


€ 


The  accumulation  of  ions  against  a  concentration  gradient  will  be  studied  with 
the  use  of  liquid  and  porous  ion-exchange  membranes.   Based  on  the  Donnan 
distribution  and  using  a  "driver"  electrolyte,  simultaneous  accumulations  of 
cations  and  anions  will  be  measured  across  mosaic  membranes. 

REPORTED  IN  PRESS  -  1977 

Shean,  G.  M. :   Bio-ionic  potentials  across  liquid  cation  exchanger  membranes, 
J.  Membr.  Sci.  2:  133-140  (1977). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

In  order  to  examine  the  effect  of  structure  on  the  course  of  the  oxa-dirr- 
methane  rearrangement  we  are  attempting  to  prepare  176-hydroxy-5(10) estrene-2- 


one  by  a  new  synthetic  route.   In  an  earlier  study  we  showed  that  this  compound 
did  not  yield  the  oxa-diiT-methane  rearrangement  product  (a  cyclopropyl  con- 
jugated ketone),  however,  as  the  result  of  latter  studies  we  now  wish  to 
examine  the  sensitized  (acetone)  photochemistry  of  this  compound. 
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Project  Description  m^ 

In  order  to  permit  a  more  rational  use  of  photochemical  reactions  in 
synthesis,  a  better  understanding  of  the  mechanism  and  stereochemical  require- 
ments of  these  reactions  is  necessary.   In  an  earlier  study  we  showed  that 
17S-hydroxy-5 (10)estrene-2-one  did  not  rearrange  to  a  cyclopropyl  ketone 
under  direct  irradiation.   It  was  found  later  that  most  oxa-dirr-raethane      ^- 
rearrangements  required  sensitization  and  did  not  proceed  under  direct  irra-  ^ 
diation.   We  are  now  quite  interested  in  the  stereochemistry  of  the  cyclo-    ^'5. 
propyl  group,  if  we  can  effect  the  rearrangement,  since  it  may  provide 
information  as  to  which  conf ormation(s)  lead  to  rearrangement  products.   As 
our  earlier  synthesis  yielded  only  small  amounts  of  the  desired  ketone  we 
have  designed  a  new  synthesis  and  work  is  currently  in  progress  on  this 
reaction  sequence. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Several  studies  were  completed  in  which  optically  active  hydroaromatic  alco-f 
hols  were  prepared  by  microbial  reduction  and  their  configurations  elucidated 
One  alcohol  (+) -trans-l-hydroxy-2-bromoindane ,  1,  was  prepared  by  microbial 
reduction  (Crypococcus  macerans)  of  2-bromoindan-l-one  and  its  absolute  stereo- 
chemistry was  established  as  1S_,  2_S_  by  conversion  to  (-)-lR-indanol.   Stereo- 
specific  chemical  transformations  of  the  acetate  of  1  were  then  employed  to  pre- 
pare (-)-cis-  and  (-)-trans-l ,2-indane  diol.   This  information  has  been  used  to 
assign  the  configuration  of  metabolites  (rabbit)  of  indene  and  2-indanone. 

Microbial  reductions  of  three  isomeric  acylpyridines  were  also  carried 
out  to  clarify  the  configurations  assigned  to  the  alcohols.   In  each  case 
reduction  yielded  the  S_  alcohol  in  high  chemical  and  optical  yield.   Their 
configurations  were  established  by  transformation  to  methyl- (_S)-0-acetyllactate . 

These  studies,  in  conjunction  with  earlier  work,  demonstrate  the  stereo- 
specific  nature  of  these  reductions  and  their  value  to  determining  the  structure 
of  metabolites  and  natural  products. 
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Project  Description:  ^■ 

For  a  variety  of  studies  in  pharmacology  and  molecular  biology  it  is 
very  desirable  and  frequently  essential  to  have  both  enantiomers  of  the  com- 
pound under  investigation  in  order  to  distinguish  between  specific  and  non- 
specific effects.   We  have  therefore  extended  our  original  studies  on  asym- 
metric syntheses  to  develop  procedures  for  preparing  compounds  of  high  optica^ 
purity  and  for  converting  the  alcohols  obtained  to  amines  and  other  deriva-  *. 
tives.   In  our  earlier  studies,  we  found  that  microbiological  reductions  .of 
hydroaromatic  ketones  yielded  alcohols  of  a  predictable  absolute  stereochemis- 
try and  in  high  optical  purity.   In  asymmetric  chemical  reductions  optical 
yields  vary  widely  and  the  absolute  stereochemistry  of  the  products  is  unpre- 
dictable.  In  order  to  improve  the  yields  in  the  microbiological  reductions, 
we  screened  a  variety  of  micro-organisms  and  now  have  one  strain  with  the  same 
"product  stereospecif icity"  as  Sporobolomycetes  pararoseus  but  yielding  3  to 
5  times  more  alcohol. 

We  have  continued  studies  on  the  microbial  reductions  of  a  variety  of 
aryl  and  heterocyclic  ketones.   The  configurations  of  a  series  of  pyridyl- 
ethanols  obtained  from  the  reduction  of  the  three  isomeric  acetylpyridines , 
have  been  shown  to  be  S_,  i.e.  the  same  as  that  obtained  from  reduction  of  the 
corresponding  carbocyclic  compound.   These  results  are  consistent  with  the 
configurations  predicted  by  means  of  Prelog's  rule.   The  rule  emphasizes  the 
size  (bulk)  of  substituents  flanking  a  carbonyl  group,  rather  than  attaching 
importance  to  the  charge  distribution  on  the  substituents,  in  predicting 
the  configuration  of  the  products  formed. 

In  addition  to  determining  the  configuration  of  reduction  products  of 
simple  ketones,  we  have  also  examined  substrates  with  more  than  one  func- 
tional group  such  as  a-diketones,  a-acetoxyketones  and  a-haloketones .  In 
the  latter  case  the  product,  an  optically  active  trans  halohydrin,  was 
employed  to  synthesize  and  determine  the  absolute  stereochemistry  of  cis- 
and  trans-1 , 2-indane  diol,  metabolites  (rabbit)  of  indene  and  2-indanone. 
The  trans  halohydrin  was  also  used  to  prepare  (+)-l, 2-indene  oxide.  This 
and  other  optically  active  oxiranes  (epoxides)  are  difficult  to  obtain  by 
asymmetric  syntheses  and  their  optical  purities  are  usually  low  ('^10%). 

In  addition  to  examining  the  products  of  microbial  reductions,  we  are 
using  a  strain  of  Rhizopus  nigricans  to  selectively  hydrolyse  several 
acetates  of  hydroaromatic  alcohols.   There  is  only  one  reported  example  of 
a  stereoselective  hydrolysis  where  the  acid  is  achiral.   The  method,  if 
general,  is  potentially  very  valuable  because  it  affords  both  enantiomers, 
one  as  the  alcohol  and  the  other  as  the  ester.   These  are  readily  separable 
without  complicated  equipment.   Thus  far  these  hydrolyses  have  consistently 
yielded  the  R  alcohol  with  optical  purities  of  20-80  percent.   Other  sub- 
strates will  be  examined  in  an  effort  to  identify  the  critical  steric 
factors  that  influence  the  course  of  the  hydrolysis. 


€ 


504 


Project  No.:   Z01-AM-29005-04-LCP 

In  addition  to  the  microbial  systems  described  above  we  are  examining 
the  stereospecif icity  of  products  formed  from  copper  catalysed  ring  opening 
reactions  of  oxiranes.   The  stereochemistry  of  the  products  differs  from  that 
of  other  ring  opening  reactions  and  therefore  the  reaction  may  be  useful  in 
asymmetric  syntheses. 

Proposed  Course  of  Project 

Several  studies  using  Rhizopus  nigricans  are  planned  in  order  to  deter- 
mine what  classes  of  compounds,  other  than  acetates  of  hydroaromatic  alcohols, 
can  be  stereoselectively  hydrolysed. 

We  are  interested  in  reactions  that  will  enable  us  to  convert  our  opti- 
cally active  alcohols  to  optically  active  allenes,  carboxylic  acids,  etc.   In 
order  to  effect  these  tranf ormations  we  plan  to  modify  existing  reactions  and 
are  trying  to  develop  new  ones. 

We  plan  to  explore  the  scope  and  limitations  of  metal  catalysed  oxirane 
ring  opening  reactions. 

Publications 

Kabuto,  K.,  Imuta,  M. ,  Kempner,  E.  S.  and  Ziffer,  H. :   Product  stereo- 
specificity  in  the  microbial  reductions  of  hydroaromatic  ketones.   J. 
Org.  Chem.   In  press. 

Imuta,  M.  and  Ziffer,  H. :   Microbial  reduction  of  a  series  of  substituted 
benzils,  optical  properties  and  NMR  spectra  of  products.   J_.  Org.  Chem. 
In  press. 

Imuta,  M.  and  Ziffer,  H. :   Preparation  and  absolute  stereochemistry  of 
isomeric  pyridylethanols  and  threo  di-(2-pyridyl)  ethanediol.   J_.  Org. 
Chem.   In  press. 

REPORTED  IN  PRESS  -  1977 

Ziffer,  H.,  Kabuto,  K. ,  Gibson,  D.  T.,  Kobal,  V.  M.  and  Jerina,  D.  M. : 
The  absolute  stereochemistry  of  several  cis-dihydrodiols  raicrobially 
produced  from  substituted  benzenes.   Tetrahedron  33:   2491-2496,  1977. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A.   Macromolecular  structure,  dynamics  and  polyelectrolyte  properties  of  large 
biological  polymers,  in  particular  polynucleotides ,  are  being  studied  by 
electric-field  induced  dichroism  and  birefringence  methods. 


B.  Molecular  chiral  phenomena  are  being  examined  by  quantum  mechanical  calcula- 
tions, (CNDO/S  and  CNDO/2) ,  in  organic  compounds  containing  intrinsically  ^ 
dissymmetric  conjugated  systems.  H 
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Objectives: 

Macromolecular  Structure  and  Dynamics 

The  orientation  of  large  polymeric  molecules  in  pulsed  electric  fields  and 
their  disorientation  when  the  field  is  turned  off  can  be  studied  using  mono- 
chromatic polarized  light.   These  experiments  are  designed  to  obtain  either 
the  molecular  conformation  or  structure  in  solution  (from  the  dichroism,  which 
is  the  difference  between  the  changes  in  extinction  of  the  light  polarized 
parallel  and  perpendicular  to  the  electric  field  when  the  molecules  are 
completely  oriented  in  the  field)  or  the  dynamics  of  intramolecular  reorganiza- 
tion and  of  rotational  disorientation  (from  the  decay  of  the  dichroism  at  the 
end  of  the  field  pulse) .   Both  of  these  properties  are  significantly  affected 
by  the  presence  or  absence  of  free  charges  on  the  polymer. 

(a)  The  mechanism  of  orientation  of  linear  polyelectrolytes  in  strong  electric 
fields  has  been  a  subject  of  considerable  controversy  over  the  past  decade,  as 
measurements  of  structure  and  dynamics  of  both  polyelectrolyte  and  non- 
polyelectrolyte  polymers  using  the  polarization  properties  of  their  optical 
transitions  in  oriented  systems  have  come  into  increasing  use.   We  have  earlier 
developed  a  theory  which  proved  adequate  when  applied  to  the  interpretation  of 
measurements  of  the  electric  dichroism  of  non-polyelectrolyte  synthetic 
polymers.   The  biological  macromolecules  DNA  and  the  synthetic  polynucleotides 
are,  however,  charged.   Last  year  we  demonstrated  [see  publications]  that  the 
orientation  of  polyriboseadenylic  acid  [poly(A)]  in  low  ionic  strength 
solutions  was  consistent  with  qualitative  considerations  of  its  polyelectrolyte 
properties.   To  further  pursue  this  problem,  we  have  examined  the  orientation 
behavior  of  poly(A),  poly(C)  and  DNA  by  preturbing  their  ionic  environment  in 
ways  which,  based  on  the  theories  of  Manning  [Manning,  G.S.,  J.  Chem.  Phys.  51, 
924  (1969)]  and  of  Record  [Record,  M.T.  Jr.,  Woodbury,  C.P.  and  Lohman,  T.M. , 
Biopolymers  15^,  893  (1976)]  should  produce  predictable  effects  on  the  concen- 
tration of  positive  counter-ions  which  condense  on  the  negatively  charged 
polymer.   For  example,  in  unbuffered  solutions,  variation  in  the  solution 
ionic-strength  produces  changes  in  the  pK  and  thus  in  the  degree  of  protonation 
of  the  individual  bases.   The  theory  requires  that  the  condensed  counter-ion 
charge  vary  directly  with  the  degree  of  protonation  and  our  postulate  is  that 
over  a  wide  range  of  field  strengths  below  saturation,  the  electric  dichroism 
should  vary  linearly  with  the  counter-ion  concentration.   The  results  are  in 
exact  accord  with  this  prediction.   In  other  experiments,  we  have  demonstrated 
additional  conformance  of  the  orientation  phenomenon  to  polyelectrolyte 
behavior  of  polynucleotides  and  have  been  able  to  analyze  the  results  for 
differences  in  the  microstructure  between,  for  example,  double-stranded  poly (A) 
and  poly(C) . 

(b)  An  investigation  has  been  started  of  the  structural  effects  of  a  variety 
of  compounds  which  intercalate  between  the  nucleic  acid  bases  of  DNA  and 
polynucleotide  or  otherwise  alter  its  structure.   Although  binding  studies  with 
these  compounds  have  been  done  for  a  long  time,  neither  the  actual  mechanism  of 
the  binding,  nor  the  precise  structural  effects  are  known  with  any  degree  of 
certainty.   We  have  been  interested  in  the  possibility  that  the  binding  of 
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these  compounds,  some  of  which  are  mutagenic  or  otherwise  biologically  signifsl '!' 
cant,  is  strongly  dependent  on  the  charge  density  of  the  DNA  and  the  synthetic 
polynucleotides,  as  well  as  on  the  specific  structure  and  charge  of  the  ligand- 
ing  compounds.   Additionaly,  a  number  of  structures  have  been  proposed  for 
purinepyrimidine  complexes  of  the  type  formed  in  RNA  and  DNA  in  which  one  of 
the  bases  extends  out  from  complex  center.   The  binding  studies  by  a  combina-  j. 
tion  of  standard  spectrophotometric,  and  circular  and  electric-field  induced  ff^ 
dichroism  measurements  are  intended  to  determine  whether  these  structures    ^ 
persist  in  the  polynucleotides  and  to  examine  their  stability. 

(c)   The  electric  dichroism  and  birefringence  apparatus  on  which  we  depend  for 
most  of  our  macromolecule  studies,  has  been  modified  and  much  improved  in 
efficiency.   In  the  previous  version  of  this  apparatus,  which  has  served  well 
for  a  number  of  years,  the  analysis  of  the  data  of  experiments  which  take  only 
milliseconds  to  perform  have  required  of  the  order  of  ten  to  thirty  minutes, 
depending  on  whether  equilibrium  or  dynamic  data  are  required.   We  have  just 
completed  the  replacement  of  the  photographic  oscilloscope  by  a  Nicolet 
Explorer  oscilloscope  interfaced  with  a  Hewlett-Packard  programmable  calculator 
which  permits  the  data  analysis  to  be  completed  in  seconds,  thereby  opening  up 
a  whole  new  area  of  exploration  in  which  the  results  of  one  experiment  can  be 
used  to  design  the  following  experiment  in  the  midst  of  the  experiments. 

Molecular  Chiral  Phenomena 

The  semi-empirical  quantum  mechanical  molecular  orbital  treatment  of  the  effe|fr 
of  allylic  substitutents  on  the  chiral  properties  of  the  electronic  transition 
of  dienes  which  we  have  used  to  explain  the  optical  activity  of  a  series  of 
compounds  containing  different  stereochemical  allylic  groupings  [Rosenfield, 
J.S.  and  Charney,  E.  ,  J.  Amer.  Chem.  Soc.  99_,  3209  (1977)]  has  been  applied  to 
the  calculation  of  the  circular  dichroism  of  two  additional  allylic  arrange- 
ments in  molecules  prepared  by  Andrzej  Galat  at  the  Institute  of  Biology  in 
Olsztyn,  Poland.   This  brings  to  seven  of  the  eight  most  significant,  and 
sixteen  possible  allylic  arrangements  of  hydrogen  and  methyl  groups  in  chiral 
cyclic  hexadienes  that  have  now  been  successfully  treated  by  this  method.   In 
particular,  the  chiral  optical  behavior  of  some  cyclohexadienes  previously 
considered  anomolous  is  now  explained  by  the  new  treatment. 

Proposed  Course  of  the  Project: 

The  results  that  the  initial  work  on  the  effect  of  the  polyelectrolyte 
properties  of  polynucleotides  have  on  their  orientation  in  electric  fields  is 
significant  enough  to  warrant  a  whole  range  of  further  work  in  this  field. 
Our  most  immediate  goals  are  to  determine  the  functional  dependence  of  the   Ak 
field-induced  orientation  on  the  microstructural  parameters  of  the  polynucleo^» 
tides.   We  are  proceeding  first  with  an  examination  of  the  dependence  of  how 
the  degree  of  the  protonation  of  polynucleotides  varies  with  the  concentration 
of  Na+  and/or  Li+  counter-ions.   Semi-quantitative  results  are  available  for 
poly(A),  but  not  for  DNA  and  the  other  polynucleotides.   The  work  on  the 
binding  of  charged  intercalating  compounds  will  be  incorporated  in  these 
studies.  i^ 
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Structural  studies  of  double-stranded  poly(C)  using  optical  activity  and 
electric  dichroism  are  expected  to  be  brought  to  a  conclusion  this  year. 
Studies  of  the  hydrodynamic  relaxation  times  from  electric  birefringence  and 
dichroism  measurements  with  the  liganded  and  sometimes  intercalated  dyes  are 
just  getting  underway. 

Publications: 

Chamey,  E.  and  Milstien,  J.B.:   Electric  dichroism  of  polyriboadenylic  acid, 
Biopolymers  17:  1629-1655  (1978). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

EPR  studies  on  dimerization  of  Cu(II)  porphyrins,  Cu(II-cytochrome  c,  and 
corresponding  octa-  and  undeca-peptides  have  been  conducted  as  a  main  effort 
of  this  project.   Continued  work  on  cytochrome  P-450  and  the  related  systems 
has  been  carried  out  on  collaborative  basis  with  the  investigators  outside 
of  our  laboratory. 
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Project  Description: 

The  purpose  of  this  project  is  to  clarify  the  structure- function  relationship 
of  the  paramagnetic  centers  in  various  biological  systems,  especially  the 
transition  metal  ions.   Simple  model  systems  have  been  used  to  simulate  the 
actual  biological  molecules.   Magnetic  measurements  are  made  by  using  EPR 
(electron  paramagnetic  resonance)  spectroscopy  and  Faraday  balance  suscepto — 
meter,  combined  with  cryogenic  techniques.   The  ENDOR  (electron  nuclear  double 
resonance)  attachment  to  the  ERP  spectrometer  is  being  fabricated.   The  data 
obtained  are  used  to  gain  information  on  the  electronic  structure  of  the  metal 
ion,  the  symmetry  and  the  strength  of  the  field  surrounding  the  ion.   The  mode 
of  interaction  of  the  ion  with  the  exogenous  ligand  can  also  be  studied. 

Major  Findings: 

1.  (With  Dr.  Chikira  and  Dr.  Smith) 

Dimer  formation  of  Cu(II)-octaethylporphyrin  (OEP)  and  corresponding  meso- 
nitro,  a,t3-meso-dinitro,  and  ct  ,Y-meso-dinitro  derivatives  has  been  studied 
by  EPR.   Similar  studies  in  the  past  normally  suffered  from  lack  of  spectral 
resolution  in  AM  =  ±1  transitions  and  had  to  rely  on  an  elaborate  line  shape 
simulation  of  the  AM  =  2  transition  to  extract  structural  information.   We 
obtained,  in  contrast,  in  the  above  complexes,  the  excellent  spectral 
resolution  in  AM  =  ±1  absorptions  to  enable  more  accurate  analyses.   Our 
results  demonstrate  that  introducing  one  or  two  strongly  electron-withdrawing- 
NO2  group  affects  both  the  extent  of  dimerization  and  the  structure  of  the 
dimeric  species,  and  substantiate  the  importance  of  metal-ligand  (porphyrin) 
electronic  polarization  in  dimer  formation.   The  metal-metal  distances  and  the 
lateral  shifts  of  the  two  porphyrin  planes  were  determined  from  observed 
spectra. 

2.  (With  Dr.  Chikira  and  Dr.  Matsuura) 

On  the  basis  of  the  above  study,  the  dimer  formation  of  cytochrome  c  with  its 
iron  replaced  by  Cu(II)  was  investigated.   In  the  pH  ranges,  4-6  and  6-11.5, 
the  structure  around  Cu(II)  takes  two  different  forms  depending  upon  whether 
the  18-his  is,  respectively,  unbound  or  bound  to  Cu(II)  in  the  axial  site. 
Outside  of  the  pH  ranges,  each  monomer  forms  a  distinct  dimeric  species:  the 
one  existing  above  pH  11.5  has  the  Cu-Cu  distance,  '^-4.2A,  with  the  angle  (C) 
between  Cu-Cu  axis  and  the  normal  to  the  porphyrin  plane  being  ^20°,  while 
the  dimeric  structure  in  the  acid  range  (<pH4)  has  5^^40°  with  about  the  same 
Cu-Cu  distance,  making  the  interplane  distance  somewhat  shorter.   Similar 
studies  were  also  carried  out  with  undeca-  and  octa-peptide  of  Cu(II)- 
cytochrome  c. 

3.  (Collaborative  works  on  cytochrome  P-450  and  related  systems  with 
Dr.  Menard) 

Spironolactone,  a  diuretic  steroid  being  used  clinically,  is  known  to  cause 
depletion  of  microsomal  cytochrome  P-450  in  tissues  which  have  a  high 
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activity  of  steroid  17a-hydroxylase.   EPR  provides  a  direct  method  to  monitor 
the  process  iii  vivo  and  _in  vitro  by  observing  the  low-spin  signal  intensity. 
It  is  proven  that  the  sulfur  atom  located  at  the  carbon  7a-position  of  sprio- 
nolactone  is  required  for  the  loss  of  heme  and  apoprotein  of  adrenat   or 
testicular  oytoohrome  P-4S0.      The  loss  is  explained  to  occur  as  the  result  of 
conversion  of  spironolactone  to  an  active  metabolite  which  in  turn  destroys 
the  heme  group.  I 

(With  Dr.  Bachur) 

Free  radical  formation  of  anticancer  drugs  which  have  quinone  as  the  structural 
unit  has  been  suspected  for  some  time  in  relation  to  the  mechanism  of  their 
activity.   By  direct  observation  of  free  radical  signals,  it  is  demonstrated 
that  cytochrome  P-450  reductase  in  the  presence  of  NADPH  is  involved  in  the 
free  radical  formation  and  that  cytochrome  P-450  is  not,  leading  to  a 
proposed  mechanism  of  cytotoxic  action  of  these  agents. 

(With  Dr.  Rispin  and  Dr.  Nebert) 

An  investigation  was  conducted  on  the  effect  of  pretreatment  of  test  animals, 
tissue  types,  method  of  tissue  preparation,  and  buffers  on  the  spin  state  and 
microsomal  levels  of  cytochrome  P-450.  Some  of  the  results  are:  extrahepatic 
tissues  in  rabbit  show  g=8/g=2.2  signal  ratios  which  are  similar  to  each 
other,  and  independent  of  pretreatment.  Liver,  kidney,  and  lung  manifest  the 
effect  of  induction,  while  induction  has  no  effect  in  intestine  P-450  levels. 
Stress  and  starvation  may  enhance  g=8/g=2.2  ratio  slightly.  j 

Proposed  Course  of  Project: 

EPR  studies  on  dimeric  systems  will  be  extended  to  include  heme  irons. 
Collaborative  studies  on  adrenal  microsomal  P-450  (with  Dr.  Menard)  will 
continue  with  a  focus  on  the  interaction  of  P-420  form  with  various  sulfur- 
containing  molecules. 

Publications: 

Chikira,  M. ,  Kon,  H.,  Hawley,  R.A.,  and  Smith,  K.M. :   ESR  Study  of  dimers  of 
Cu(II)-Octaethylporphyrin  and  the  meso-nitro  and  meso-di-nitro  derivatives  in 
solution.   J.C.S.  Dalton  (in  press) . 

Chikira,  M. ,  Kon,  H. ,  and  Smith,  K.M. :   ESR  evidence  for  dimer  formation  in 
high  spin  Fe(III)  octaethylporphyrin  and  meso-nitro-octaethylporphyrin. 
J.C.S.  Chem.  Comm.  (in  press). 

Rispin,  A.S.,  Sato,  M. ,  and  Kon,  H. :  Crystal  field  calculation  of  g  values  and, 
zero-field  splitting  for  high  spin  ferric  complexes  of  rhombic  character.  ' 
Theor.  Chim.  Acta  (in  press). 
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Bachur,  N.R.,  Gordon,  S.L.,  Gee,  M.V.,  and  Kon,  H. :   NADPH  cytochrome  P-450 
reductase  activation  of  quinone  anticancer  agents  to  free  radicals.   Proc. 
Nat.  Acad.  Sci.  USA  (in  press). 

Menard,  R.H.,  Guenthner,  T.M.,  Kor,  H. ,  and  Gillette,  J.R.:   Studies  on  the 
destruction  of  adrenal  and  testicular  cytochrome  P-450  by  spironolactone. 
J^.  Biol.  Chem.  (in  press)  . 

REPORTED  IN  PRESS  -  1977 

Sato,  M. ,  Kon,  H.,  Kumaki,  K.  and  Nebert,  D.W. :   Comparative  EPR  study  on 
high  spin  ferric  porphine  complexes  and  cytochrome  P-450  having  rhombic 
character.   Biochim.  Biophys.  Acta  498:  403-421,  1977. 

Walker,  G.A.,  Kon,  H.  and  Lovenberg,  W. :   An  investigation  of  the  copper 
site(s)  of  dopamine-3-hydroxylase  by  EPR.   Biochim.  Biophys.  Acta  482:  309- 
322,  1977. 

Kumaki,  K. ,  Sato,  M. ,  Kon,  H. ,  and  Nebert,  D.W. :   Correlation  of  type  I, 
type  II,  and  reverse  type  I  difference  spectra  with  absolute  changes  in  spin 
state  of  hepatic  microsomal  cytochrome  P-450  iron  from  fine  mammalian  species. 
J.  Biol.  Chem.  253:  1048-1058,  1978. 

Nebert,  D.W.,  Kumaki,  K. ,  Sato,  M. ,  and  Kon,  H. :   Association  of  type  I, 
type  II  and  reverse  type  I  difference  spectra  with  spin  state  of  cytochrome 
P-450  iron.   Proc.  Third  International  Symposium  on  Microsomes  and  Drug 
Oxidation,  Hamburg,  Germany,  1977,  pp.  224-231. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

1.   The  partially  resolved  rotational  contour  of  one  member  of  the  strong 
Rydberg  series  of  butadiene  was  analyzed.  The  absorption  band  was  demonstrated 


to  arise  from  the  predicted  'A. 


'A  transition, 
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2.  The  ultraviolet  absorption  spectra  of ,  (SiHs^aS..  (GeH3)2S,  [SiCCHslsJ^l  ^^'^ 
[C(CRshlz§.  were  recorded  from  2300-1200  A.   These  and  the  published  spectra  of 
other  symmetrically  substituted  sulfides  were  collectively  analyzed.   Some  of 
the  published  assignments  of  H2S,  (CH3)2S,  and  [C(CH3)3]2S  are  revised. 

3.  The  absorption  spectra  of  ais   and  t^fgns-difluoroethylene  and  their  perdeu- 
terated  isomers  were  measured  between  1200  and  1650A.   The  spectrum  of  each 
molecule  is  analyzed  into  several  Rydberg  series  to  the  lowest  ionization 
potential,  and  the  3s-Rydberg  transition  to  the  second  ionization  potential  of 
the  trans -molecule.   The  d-Rydberg  series  in  each  molecule  is  deduced  to  be 

a  d6-series  to  the  b  orbital  in  trans-difluoroethylene  and  to  the  ag  orbital 
in  c-is-difluoroethylene,  -,  . 
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Project  Description: 


The  aims  of  this  research  are  to  engender  a  better  understanding  of  the 
electronic  structure  of  molecules  and  to  provide  an  experimental  assessment  of 
the  progress  of  theoretical  models  of  and  calculations  on  molecules.   To  under- 
stand the  structure  of  molecules,  we  seek  to  know,  among  other  factors,  the 
energies  of  and  energy  differences  between  different  electron  orbitals,  the 
geometric  rearrangements  accompanying  electron  promotion,  and  the  inductive 
effects  and/or  indirect  bonding  effects  of  one  chemical  group  on  another  to 
which  it  is  bonded.   To  attain  these  goals,  we  are  studying  electronic  absorp- 
tion spectroscopy  because  it  directly  provides  information  about  the  energy 
differences  between  orbitals  and  indirectly  provides  geometric  information. 
We  plan  to  additionally  employ  multiphoton  ionization  spectroscopy.   This 
technique  both  enables  optically  forbidden  transition  to  be  observed  and  per- 
mits the  observation  of  very  small  quantities  of  material. 

The  investigations  summarized  above  have  confirmed  a  long  accepted  assign- 
ment of  one  series  of  electronic  transitions  in  butadiene,  the  prototype 
conjugated  molecule.   They  have  enabled  a  detailed  orbital  assignment  to  be 
made  for  many  of  the  electronic  transitions  of  difluoroethylene.   They  have 
also  attempted,  not  fully  successfully,  to  resolve  a  long  standing  ambiguity  in 
the  assignments  of  the  electronic  spectra  of  symmetrically  substituted  sulfides. 

In  the  next  year  we  plan  to  initiate  a  series  of  investigations  of  the 
multiphoton  ionization  spectra  of  very  cold  gaseous  molecules.   Initially 
efforts  will  be  focussed  on  previously  investigated  molecules — ethylene, 
butadiene,  dimethylsulf ide — both  to  calibrate  the  new  system,  to  locate 
transitions  not  observable  in  the  optical  spectra,  and  to  resolve  problems 
remaining  in  the  interpretation  of  the  optical  spectra.   Once  types  of  optical 
results  obtainable  on  the  new  experimental  apparatus  have  been  characterized, 
we  will  investigate  the  limitations  on  the  types  of  molecular  systems  that  can 
be  studied  with  the  new  experimental  apparatus.   These  studies  are  anticipated 
to  continue  for  several  years. 

Publications : 

McDiarmid,  R. :   Transition  in  the  electronic  absorption  spectra  of  ais-   and 
trans -difluoroethylene,  J_.  Chem,  Phys . ,  in  press. 

McDiarmid,  R. :   An  experimental  observation  of  the  origin  of  the  V  ->  N  transi- 
tion of  ethylene,  J_'  Chem.  Phys.  .  67:  3835-3866,  1977. 

McDiarmid,  R. :   Assignments  in  the  ultraviolet  spectra  of  symmetrically 
substituted  sulfides,  J.  Chem.  Phys . ,  68:  945-949,  1978. 

Ransom,  E.D.,  Innes ,  K.K.  and  McDiarmid,  R. :   Polarization  of  the  strongest 
Rydberg  transition  of  1,3-butadiene,  J.  Chem.  Phys. ,  68:  2007-2006,  1978. 
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The  thermodynamics  and  kinetics  of  the  gelation  of  sickle  cell  hemoglobin  are 
being  investigated  in  order  to  develop  an  inhibitor  of  the  reaction  that  could 
be  used  as  a  therapeutic  agent. 
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Objectives: 


The  major  aim  of  this  work,  is  to  elucidate  the  molecular  mechanism  of  hemo- 
globin S  gelation  in  order  to  provide  a  rationale  for  the  development  of 
agents  that  can  be  used  in  the  treatment  of  patients  with  sickle  cell  disease. 

Methods  Employed: 

In  addition  to  conventional  biochemical  and  physical  methods  a  variety  of 
specially-designed  techniques  have  been  employed  to  study  the  gelation 
reaction.   These  include  microspectrophotometry ,  linear  dichroism  and 
birefringence,  turbidity,  water  proton  NMR  linewidths,  scanning  micro- 
calorimetry,  temperature  perturbation  kinetics,  and  laser-induced  photolysis. 

Major  Findings: 

I.   Molecular  Mechanism  of  Hemoglobin  S  Gelation 

This  study  is  aimed  at  providing  a  theoretical  model  for  the  molecular 
mechanism  of  gelation  that  makes  quantitative  predictions  of  the  kinetic 
behavior  of  the  system,  and  yields  parameters  that  can  be  interpreted  in  terms 
of  molecular  structure.   A  complete  model  consists  of  a  series  of  coupled 
differential  equations  that  describe  nucleation,  growth  and  alignment  of 
polymers.   Numerical  integration  of  a  limited  set  of  equations  had  shown  that 
equilibrium  nucleation  of  individual  pol;/mers  is  approximately  obeyed, 
permitting  an  enormous  simplification  of  the  theoretical  treatment. 

With  the  equilibrium  nucleation  assumption  a  simple  theory  for  the  early 
part  of  the  polymerization  reaction  was  developed.   The  equilibrium  constant 
for  nucleation  is  derived  from  the  equilibrium  constant  for  overall  polymer 
formation,  assuming  that  the  nucleus  is  a  small  piece  of  the  infinite  polymer. 
This  equilibrium  constant  is  then  used  to  describe  the  rate  of  nucleation. 
Growth  of  the  polymer  from  nuclei  is  incorporated,  following  the  analytical 
formalism  developed  by  Oosawa.   For  both  nucleation  and  growth  the  activity 
coefficients  are  included  in  the  rate  constants.   This  is  a  central  aspect  of 
the  theory,  since  thermodynamic  studies  have  shown  that  non-ideality  arising 
from  excluded  volume  effects  plays  a  central  role  in  these  very  concentrated 
protein  solutions.   Integration  of  the  resulting  expressions  yield  an 
analytical  expression  for  the  delay  time,  which,  after  taking  the  appropriate 
derivatives,  makes  specific  numerical  predictions  for  the  dependence  of  the 
delay  time  on  initial  concentration,  temperature,  and  equilibrium  solubility. 
For  all  three  derivatives  the  agreement  of  theory  and  experiment  is  remarkably 
good.   The  theory  clearly  shows  that  the  extreme  sensitivity  of  the  delay  time 
to  these  variables  is  due  in  large  part  to  the  non-ideality  terms.   A  major 
theoretical  problem  remains,  however.   The  theory  fails  to  predict  the  shape 
of  the  progress  curve,  suggesting  that  some  additional  physical  process,  such 
as  nucleation  of  aligned  polymer  domains,  must  be  incorporated  into  the  model. 


517 


Z01-AM-29009-05-LCP 

II.  Molecular  Mechanism  of  Gelation  of  Hemoglobin  S  in  Mixtures  with 
Hemoglobins  A  or  F 


# 


A  study  has  been  completed  on  the  solubility  and  delay  times  of  deoxy- 
hemoglobin  S  in  mixtures  with  hemoglobins  A  and  F.   The  solubility  is  defined 
as  the  total  hemoglobin  concentration  in  the  supernatant  obtained  after       aT 
sedimentation  of  the  polymers.   A  thermodynamic  model  was  developed,  based  on 
the  approach  of  A.  P.  Minton  (NIAMDD)  with  the  inclusion  of  non- ideality.   The 
increase  in  solubility  with  increasing  mole  fraction  of  HbF  can  be  accounted 
for  by  a  model  in  which  the  a2Y2  ^nd  028  Y  species  do  not  copolymerize,  but 
act  to  decrease  the  solubility  of  the  polymerizing  026^  species  through  their 
excluded  volume  effect.   The  corresponding  data  in  HbS-HbA  mixtures  require 
copolymerization  of  at  least  the  026  Q     hybrid  species.   The  best  fit  of  the 
parameters  of  the  equilibrium  equations  to  the  data  indicates  that  the  hybrid 
molecules  copolymerize  with  a  probability  (=e2)  of  about  0.25  relative  to  the 
0262  molecules. 

To  rationalize  the  delay  time  data  on  the  mixtures,  the  kinetic  model, 
discussed  in  part  I  of  this  report,  was  extended  to  include  polymerization  of 
more  than  one  species.   The  essential  element  of  the  theory  is  that  the  nuclei 
are  assumed  to  be  in  constant  equilibrium  with  monomer,  as  in  the  one-component 
theory,  and  to  have  the  same  composition  as  the  infinite  polymer.   The  result- 
ing analytical  expression  for  the  relative  delay  time  as  a  function  of  compo- 
sition contains  three  free  parameters,  e,  from  the  thermodynamic  theory,  n, 
the  size  of  the  critical  nulceus,  and  6,  the  fraction  of  bonds  in  the  nucleus  ^ 
that  are  missing  relative  to  the  infinite  polymer.  ^^ 

Assuming  the  value  of  e   from  the  thermodynamic  results,  the  effect  of 
the  composition  of  the  mixture  can  be  quantitatively  explained  with  physically- 
reasonable  values  of  n  and  5. 

III.   Clinical  Relevance  of  Mixture  Data 

The  delay  time  of  gelation  has  been  found  to  be  extremely  sensitive  to 
physiological  variables  such  as  total  hemoglobin  concentration  and  fractional 
saturation  with  ligand,  and  moderately  sensitive  to  pH,  salt  concentration, 
and  temperature  (near  37°C).   Changes  in  these  variables  which  decrease  the 
delay  time  appear  to  be  associated  with  increased  clinical  severity  of  sickle 
cell  disease.  We  have  explained  these  findings  with  a  pathophysiological 
mechanism  in  which  a  decrease  in  the  delay  time  of  intracellular  gelation, 
relative  to  the  capillary  transit  time,  increases  the  probability  of  intra- 
capillary  sickling;  blockage  of  the  microcirculation  is  then  possible,  with 
consequent  tissue  anoxia  and  organ  damage.   An  increase  in  the  delay  time, 
permitting  cells  to  escape  the  narrow  capillaries  before  gelation  has  begun,   ^^ 
is  therefore  predicted  to  result  in  amelioration  of  the  disease.  ^> 

We  have  therefore  carried  out  kinetic  experiments  designed  to  answer  the 
question:  how  much  must  the  in  vitro  delay  time  be  increased  to  obtain  a 
given  therapeutic  effect  in  patients?   Our  approach  has  been  to  investigate 
the  gelation  kinetics  of  hemoglobin  S  in  mixtures  with  normal  adult  hemoglobin 
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(A)  or  fetal  hemoglobin  (F) .   Increased  proportions  of  these  normal  hemoglobins, 
if  homogeneously  distributed  in  the  red  cell  population,  are  known  to  be 
associated  with  decreased  clinical  severity.   By  correlating  the  delay  time 
data  on  specific  hemoglobin  mixtures  with  the  data  on  the  associated  clinical 
course,  we  have  obtained  a  quantitative  estimate  of  the  increase  in  the  in 
vitro  delay  time  required  to  produce  a  particular  clinical  status.   These 
results,  together  with  other  kinetic  data,  have  then  been  used  to  evaluate 
various  therapeutic  strategies. 

In  the  double  heterozygous  conditions  of  sickle/S+-thalassemia,  the  red 
cell  contains  about  15-30%  hemoglobin  A.   In  mixtures  of  these  compositions, 
we  measured  a  10-100  fold  increase  in  delay  time  relative  to  deoxyhemoglobin  S 
alone  at  the  same  total  hemoglobin  concentration.   Although,  as  in  homozygous 
sickle  cell  (S/S)  disease,  the  clinical  severity  is  quite  variable,  S/3+- 
thalassemia  is  in  general  less  severe  than  S/S  disease.   Our  kinetic  results 
would  suggest,  then,  that  some  therapeutic  effect  might  result  if  the  delay 
time  of  gelation  were  increased  by  a  factor  of  10-100.   In  the  double  hetero- 
zygous condition  of  sickle/hereditary  persistence  of  fetal  hemoglobin  (S/HPFH), 
the  red  cell  contains  about  20-30%  hemoglobin  F.   Such  mixtures  exhibited 
increases  in  the  delay  time  of  lO^-lO'*  fold.   Since  this  condition  produces  a 
much  milder  clinical  course  than  S/S  disease,  increasing  the  delay  time  by  a 
factor  of  10^-10  can  reasonably  be  expected  to  have  a  major  therapeutic  effect 
in  patients.   Finally,  in  sickle  cell  trait  the  red  cell  contains  about  60% 
hemoglobin  A  and  40%  hemoglobin  S.   The  increase  in  delay  time  found  for  a 
mixture  of  this  composition  was  about  10°-fold.   Patients  with  sickle  cell 
trait  rarely  exhibit  any  clinical  manifestations.   Increasing  the  delay  time, 
then,  by  about  a  factor  of  10°,  could  be  expected  to  produce  a  "cure"  of  S/S 
disease. 

Three  different  strategies  have  been  suggested  to  increase  the  delay  time 
of  intracellular  gelation.   One  is  to  directly  inhibit  polymerization  with 
molecules  that  competitively  bind  to  sites  of  intermolecular  contact.   A 
second  is  to  inhibit  polymerization  indirectly  by  increasing  the  hemoglobin 
oxygen  affinity,  thereby  increasing  the  fractional  saturation  in  capillaries. 
A  third  strategy,  suggested  by  our  kinetic  studies,  is  to  decrease  the  intra- 
cellular hemoglobin  concentration. 

We  have  estimated  the  requirements  for  each  strategy,   x  (the  fractional 
occupancy  of  a  perfect  inhibitory  site) ,  Ac  (the  decrease  in  intracellular 
hemoglobin  concentration),  and  Ap^g  (the  increase  in  oxygen  affinity).   The 
correlation  between  clinical  severity  and  our  delay  time  results  suggests  that 
the  values  of  x,  Ac  and  Ap   required  to  produce  a  "cure"  of  S/S  disease  are 
large,  and  will  be  difficult  to  achieve,  but  that  therapeutically  significant 
kinetic  inhibition  of  intracellular  gelation  could  be  accomplished  by  any  one 
of  the  three  approaches. 

A  considerable  number  of  inhibitors  of  gelation  have  been  proposed  in 
recent  years  as  specific  drugs  for  sickle  cell  disease.   The  results  of  our 
kinetic  study  should  provide  a  useful  framework  for  assessing  the  therapeutic 
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potential  of  these  inhibitors,  particularly  in  analyzing  the  problem  of 
gelation  inhibition  versus  toxicity.   Because  very  large  doses  of  any  single 
drug  would  be  necessary  to  obtain  a  therapeutic  effect  in  patients,  it  will 
probably  be  necessary  to  employ  several  drugs  simultaneously,  taking  advantage 
of  the  multiple  methods  by  which  the  delay  time  of  intracellular  gelation  can 
be  increased.  i 

IV.  Photolysis  of  Carbonmonoxyhemoglobin  S 

The  polymerization  of  hemoglobin  S  has  been  rapidly  induced  by  the 
photolysis  of  samples  saturated  with  carbon  monoxide.   We  have  used  an  argon 
laser  to  prepare  and  maintain  samples  at  arbitrary  saturation  in  a  photo- 
stationary  state,  permitting  measurements  of  polymerization  rates  a  thousand- 
fold faster  than  previously  possible.   A  characteristic  delay,  exhibiting  a 
very  high  (50th  power)  concentration  dependence,  persists  even  in  highly 
concentrated  samples  where  the  polymerization  is  complete  within  milliseconds. 
Polymerization  both  in  solution  and  in  intact  SS  erythrocytes  has  been  found 
to  occur  rapidly  compared  to  the  time  required  for  a  cell  to  traverse  a 
capillary,  lending  support  to  the  kinetic  hypothesis  for  the  severity  of 
sickle  cell  disease.   Studies  of  the  concentration  and  temperature  dependence 
of  the  polymerization  kinetics  can  now  be  extended  to  cover  8  decades  in  time 
permitting  stringent  tests  of  the  polymerization  mechanism.   See  the  annual 
report  #Z01-AM-29016-03-LCP  for  a  more  detailed  description  of  this  project. 

V.  Light  Scattering  and  Birefringence  Studies  of  Hemoglobin  S  Gelation       ^ 

These  types  of  studies  have  been  carried  out  in  an  effort  to  answer 
several  questions  about  the  polymer  phase  and  the  kinetic  process  by  which  it 
is  formed.   The  first  problem  is  the  origin  and  shape  of  the  polymerization 
progress  curve,  exhibiting  a  pronounced  delay  followed  by  rapid  polymerization. 
Light  scattering  studies  have  shown  that  the  curve  is  autocatalytic  and  data 
have  been  collected  which  will  allow  comparison  of  progress  curves  at  various 
concentrations  and  temperatures.   The  second  question  concerns  the  process  by 
which  the  polymer  melts  when  the  solubility  is  suddenly  increased  by  a  negative 
temperature  jump.   The  melting  observed  both  by  birefringence  and  light 
scattering  appears  first  order  and  has  an  apparent  negative  activation  energy. 
The  melting  kinetics  exhibit  the  behavior  expected  from  the  dissolving  of  a 
molecular  crystal.   The  recovery  of  the  delay  time  commences  only  after  the 
disappearance  of  observable  birefringence,  but  closely  coincides  with  the 
disappearance  of  the  more  sensitive  light  scattering  signal.   The  third 
question,  and  the  most  difficult  to  analyze,  concerns  the  mechanism  by  which 
monomer  adds  to  or  dissolves  from  the  polymer  phase.   The  kinetics  have  been 
examined  by  both  birefringence  and  turbidity  measurements  and  are  complex. 
The  observed  behavior  suggests  that  alignment  of  polymers  is  slow  compared  to 
monomer  addition,  but  that  the  more  highly  aligned  polymers  may  be  thermo-     f 
dynamically  more  stable  than  those  which  are  more  randomly  oriented.   These 
hypotheses  remain  to  be  tested.   See  the  annual  report  #Z01-AM-29016-03-LCP 
for  a  more  detailed  description  of  this  project. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Our  kinetic  studies  constitute  a  totally  new  approach  to  understanding  the 
pathophysiology  of  sickle  cell  disease  and  to  the  development  of  therapeutic 
measures . 

The  theoretical  approaches,  the  experimental  results,  and  the  methods 
developed  in  this  investigation  should  contribute  to  a  general  understanding 
of  other  macromolecular  self-assembly  processess. 

Proposed  Course  of  Project: 

The  results  of  temperature  perturbation  experiments  will  be  analyzed, 
with  the  specific  aim  of  testing  models  for  the  structure  of  the  gel.   A 
systematic  investigation  of  photoinduced  polymerization  of  carbonmonoxy- 
hemoglobin  S  will  be  carried  out  in  order  to  establish  the  kinetic  behavior 
of  gelation  of  short  times,  and  to  describe  the  binding  of  carbon  monoxide  by 
the  poljnner.   Theoretical  models  will  be  explored  both  analytically  and 
numerically  to  rationalize  the  unusual  time  course  of  gelation.   The  acquisi- 
tion of  the  Hem-0-Scan  will  now  permit  the  investigation  of  gelation  in 
solutions  partially  saturated  with  oxygen.   Having  established  quantitative 
criteria  for  therapeutically  useful  inhibition,  delay  time  measurements  will 
be  made  on  a  limited  number  of  proposed  drugs  for  sickle  cell  disease. 

Publications: 

Eaton,  W.A.,  Hofrichter,  J.:   Successes  and  failures  of  a  simple  nucleation 
theory  for  sickle  hemoglobin  gelation.  In  Caughey ,  W.S.  (Ed.):  Proceedings  of 
Symposium  on  Clinical  and  Biochemical  Aspects  of  Hemoglobin  Abnormalities , 
(Academic  Press,  N.Y.),  in  press. 

Sunshine,  H.R.,  Hofrichter,  J.  and  Eaton,  W.A. :   Requirements  for  therapeutic 
inhibition  of  sickle  hemoglobin  gelation.  Nature,  in  press. 

REPORTED  IN  PRESS  -  1977 

Ross,  P.D.,  Hofrichter,  J.  and  Eaton,  W.A.:   Thermodynamics  of  gelation  of 
sickle  cell  deoxyhemoglobin.   J.  Mol.  Biol.,  115:  111-134,  1977. 
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Objectives : 

Tlie  aim  of  this  research  is  to  relate  the  stereochemistry  and  electronic 
structure  of  biological  molecules,  particularly  proteins  with  chromophoric 
prosthetic  grups,  to  their  biochemical  reactivity  and  function. 

Methods  Employed: 

In  addition  to  conventional  biochemical  and  spectroscopic  methods,  techniques 
have  been  developed  for  measuring  anisotropic  optical  properties  on  micro- 
scopic samples.   Dr.  Hofrichter  has  designed  and  constructed  a  general  phase 
modulation  microspectrophotometer  which  is  capable  of  measuring  linear 
dichroism,  circular  dichroism,  linear  birefringence,  and  circular  birefring- 
ence with  sensitivity  comparable  to  commercial  instruments  used  for  macro- 
scopic samples.   The  instrument  also  measures  direct  polarized  absorption, 
and  is  interfaced  to  our  Honeywell  516  computer. 

In  order  to  interpret  the  electronic  spectra  in  terms  of  the  orbital  promotion 
mechanism  responsible  for  observed  electronic  transitions  we  have  used  the 
self  consistent  charge,  extended  Hlickel  LCAO-molecular  procedure  developed  by 
Gouterman  and  coworkers  at  the  University  of  Washington. 

For  measurement  of  transient  absorption  spectra  following  photolysis  of  oxy- 
and  carbonmonoxyhemoglobin  a  picosecond  spectrometer  in  the  laboratory  of 
Hochstrasser  at  the  University  of  Pennsylvania  was  employed.   The  spectrometer 
is  of  the  excite  and  probe  type  in  which  a  laser  harmonic  is  used  to  create  a 
suddei;  excitation  of  the  sample  and  the  absorption  spectrum  at  a  later, 
variable  time  is  measured  with  a  broad  band  continuum  pulse  as  a  source  and  an 
optical  multichannel  analyzer  system  as  a  detector.   Both  excitation  and  probe 
pulses  are  derived  from  a  single  8  ps  pulse  extracted  from  the  1.06  ym  output 
of  a  passively  mode-locked  Nd:  glass  laser.   The  instrument  is  capable  of 
measuring  full  double  beam  absorption  spectra  in  a  single  laser  shot  with  an 
accuracy  of  about  ±0.02  optical  density  units. 

Major  Findings: 

I.   Optical  spectra  and  electronic  structure  of  deoxy-,  oxy-,  and  carbon- 
monoxyhemoglobin. 

A  comprehensive  experimental  and  theoretical  investigation  of  hemoglobin 
optical  spectra  has  been  completed.   The  optical  spectra  of  oxy-  and  deoxy- 
hemoglobin  was  investigated  over  a  wide  frequency  range  using  the  techniques 
of  polarized  single  crystal  absorption  spectroscopy  and  solution  natural  and 
magnetic  circular  dichroism.   In  addition  to  the  porphyrin  Tr->-7T*  transitions, 
seven  transitions  of  oxyhemoglobin  and  four  transitions  of  deoxyhemoglobin 
were  characterized.   Most  of  these  transitions  occurred  in  the  near-infrared 
spectral  region.   To  make  assignments  extended  Huckel  calculations  were 
carried  out  on  the  complex  of  iron-porphin  with  imidazole  and  oxygen  as  a 
model  chromophore  for  oxyhemoglobin.   Calculations  were  also  carried  out  on 
the  corresponding  carbon  monoxide  complex  to  aid  in  the  interpretation  of  the 
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oxyhemoglobin  spectra.   Assignments  were  proposed  for  all  of  the  transitions 
in  terms  of  one-electron  excitations  between  single  configurations.   Five 
of  the  seven  bands  of  oxyhemoglobin  were  assigned  to  transitions  into  the 
lowest  empty  molecular  orbital,  which  was  delocalized  over  the  Fe02  unit. 
Three  of  the  four  bands  of  deoxyhemoglobin  were  assigned  to  porphyrin+->iron 
charge-transfer  transitions.   The  remaining  bands  were  interpreted  as  arising 
from  d  ->■  d  transitions  of  the  iron. 

These  results  provide  a  basis  for  (i)  testing  and  refining  theoretical 
descriptions  of  the  electronic  structure  of  these  complexes  using  more 
extensive  quantum  mechanical  calculation  methods,  (ii)  interpreting  spectral 
perturbation  studies  on  the  interaction  of  the  heme  with  the  surrounding 
globin,  and  (iii)  for  understanding  the  mechanism  of  photolysis  of  oxy-  and 
carbonmonoxyhemoglobin  (see  below) . 

II.   The  molecular  mechanism  of  structural  changes  in  hemoglobin  upon 
release  of  oxygen  and  carbon  monoxide. 

Upon  release  of  oxygen  or  carbon  monoxide  hemoglobin  is  known  to  undergo 
conformational  changes  of  both  the  heme  and  globin,  which  ultimately  result 
in  a  rearrangement  of  the  four  subunits,  the  so-called  quaternary  structural 
change.   The  rates  of  the  quat -".rnary  structural  change  have  been  measured  by 
Gibson  and  coworkers  at  Cornell  and  Ferrone  at  Princeton,  who  is  currently  a 
member  of  this  laboratory.   In  spite  of  a  vast  amount  of  research  on  the 
kinetics  of  ligand  binding  by  hemoglobin,  there  is  almost  no  information  on 
the  rates  of  the  heme  and  globin  (tertiary)  conformational  changes. 

Photolysis  of  Hb02  or  HbCO  is  the  most  powerful  method  of  studying  conforma- 
tional changes  following  ligand  release,  because  the  reaction  can  be  initiated 
very  rapidly,  permitting  subsequent  structural  changes  to  be  monitored  on 
short  time  scales.   In  the  past  year  we  have  begun  an  investigation  of  the 
kinetics  of  heme  and  globin  conformational  changes,  by  studying  the  primary 
photophysical  and  photochemical  events  following  excitation  of  HbCO  and  Hb02 
with  intense  picosecond  laser  pulses.   The  measurements  were  made  in  the 
laboratory  of  Professor  Robin  M.  Hochstrasser  at  the  University  of  Pennsyl- 
vania, using  his  picosecond  spectrometer.   A  major  aim  of  this  study  was  to 
measure  transient  spectra  with  sufficiently  high  accuracy  that  the  initial 
photoproducts  could  be  identified.   Transient  absorption  spectra  were  measured 
in  the  near  ultraviolet  and  visible  regions  following  excitation  with  353  nm 
or  530  nm  pulses.   The  principal  experimental  findings  were:  (i)  a  deoxy- 
hemoglobin (Hb)  like  photoproduct  was  generated  from  Hb02  and  HbCO  by  353  nm 
light  in  a  time  comparable  with  the  laser  pulsewidth  (8  ps) .   (ii)  By  680  ps 
less  than  10%  of  photolysed  CO  and  less  than  20%  of  photolyzed  O2  had 
recombined.   (iii)  A  similar  photoproduct  spectrum  was  obtained  immediately 
following  photolysis  of  Hb02  and  HbCO.   (iv)  The  Hb  photogenerated  spectrum, 
although  deoxy-like,  was  considerably  broadened  compared  with  conventional 
Hb  spectra  during  all  the  times  investigated  (0-680  ps) .   (v)  About  10  photons 
per  heme  were  absorbed  during  the  passage  of  the  photolyzing  pulse  through  the 
sample. 
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It  is  possible  to  explain  these  results  with  a  quantum  mechanical  model  based 
on  the  energy  levels  from  the  spectroscopic  study  discussed  in  part  I  of  this 
report.   Following  optical  excitation  to  the  porphyrin  ^tttt*  state,  internal 
conversion  of  the  excitation  energy  into  vibrational  modes  of  the  surrounding 
globin  leads  to  rapid  relaxation  to  the  lowest  singlet  state  of  the  heme 
complex,  from  which  dissociation  takes  place.   In  HbCO  the  electron  configura- 
tion of  the  lowest  singlet  is  strongly  antibonding  for  CO,  while  in  Hb02  the 
configuration  of  the  lowest  singlet  state  is  not  antibonding  for  O2.  Photo- 
dissociation  is  therefore  predicted  to  take  place  much  more  readily  for  HbCO 
than  for  Hb02,  as  is  observed.   With  some  additional  assumptions,  this 
mechanism  can  also  rationalize  the  production  of  Hb  with  a  severely  broadened 
spectrum.   The  ground  state  of  Hb  is  a  spin  quintet,  while  the  postulated 
photodissociating  states  are  spin  singlets.   Such  spin  interconversions  would 
be  expected  to  require  at  least  10^  ps.   Correlating  the  state  of  Hb02  with 
those  of  Hb  +  02(^i:g)  and  HbCO  with  those  of  Hb  +  CO(^E)  suggests  that  Hb  will 
be  initially  produced  in  a  singlet  state.   Absorption  of  additional  photons 
from  the  intense  light  pulse  can  then  take  place  before  singlet  Hb  can  inter- 
system  cross  to  normal  quintet  ground  state  Hb.   Absorption  of  additional 
photons  may  also  take  place  from  the  lowest  states  of  HbCO  and  Hb02  prior  to 
photodissociation  or  relaxation  back  to  the  ground  state.   The  net  effect, 
then,  of  multiphoton  absorption  by.Hb,  Hb02  and  HbCO  could  be  to  produce  Hb 
in  a  distribution  of  metastable  electronic  states,  th-reby  accounting  for  the 
broadened  absorption  spectrum. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  elucidation  of  the  electronic  structure  and  physico-chemical  mechanisms 
at  the  active  sites  of  proteins  should  lead  to  a  much  deeper  understanding 
of  how  these  molecules  perform  their  biological  function.   The  techniques 
developed  in  our  investigations  may  be  applied  to  a  wide  variety  of  problems 
in  protein  structure  and  chemistry. 

Proposed  Course  of  Project: 

One  of  the  principal  difficulties  in  measuring  the  kinetics  of  tertiary 
structural  changes  in  hemoglobin  is  the  development  of  a  probe  which  has 
interpretable  physical  properties.   Such  a  probe  exists  in  the  linear  optical 
anisotropy  of  the  heme  group.   Makinen  and  Eaton  showed  in  this  laboratory 
that  a  large  change  in  heme  orientation  occurred  upon  binding  oxygen  or  carbon 
monoxide  from  measurements  of  the  polarized  absorption  of  single  crystals. 
Furthermore,  Gelin  and  Karplus  have  recently  proposed  from  energy  minimiza- 
tion calculations  that  the  tilting  of  the  heme  is  an  essential  element  of 
the  mechanism  of  the  globin  conformational  change.   We  plan  to  measure  the 
rate  of  heme  tilting  by  monitoring  the  linear  dichroism  following  photolysis 
of  HbCO  in  solution  and  in  single  crystals  over  a  wide  temperature  range. 
If  successful,  it  should  be  possible  to  calculate  the  measured  activation 
energy  from  first  principles  using  energy  minimization  calculations  of  the 
type  carried  out  by  Gelin  and  Karplus.   An  important  aspect  of  our  approach  to 
this  problem  will  be  to  measure  complete  transient  spectra,  in  order  to 
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identify  kinetic  intermediates.   In  the  coming  year  we  will  develop  the 

instrumentation  which  will  employ  the  second  harmonic  of  a  Q-switched  Nd:YAG 

laser  with  1  ns  pulsewidth  as  an  excitation  source,  a  xenon  flash  lamp  as  a 

white  light  monitoring  source,  and  an  optical  multichannel  analyzer  (OMA)  as 

a  detecting  system.   The  signal  from  the  OMA  can  be  electronically  gated  in 

'\'10  ns,  enabling  complete  time  resolved  spectra  to  be  obtained  with  each       ^^ 

laser  shot. 

Publications: 

Eaton,  W.A. ,  Hansen,  L.K,,  Stephens,  P.J.,  Sutherland,  J.C.  and  Dunn,  J.B.R. : 
Optical  spectra  of  oxy-  and  deoxyhemoglobin.   J^.  Amer.  Chem.  Soc.  (in  press) . 

Greene,  B.I.,  Hochstrasser,  R.M. ,  Weisman,  R.B.  and  Eaton,  W.A. :  Spectroscopic 
studies  of  oxy-  and  carbonmonoxyhemoglobin  following  pulsed  optical  excitation. 
Proc.  Nat.  Acad.  Sci.  USA  (in  press). 
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During  the  period  1  October  1977  through  30  September  1978  our  group  has 
continued  its  efforts  to  identify  the  diffusible  intracellular  transmitter 
substance  that  carries  signals  from  rhodopsin  molecules  excited  by  light  to 
the  plasma  membrane  of  rod  outer  segments,  where  the  dark  current  enters.  The  ^ 
calcium  indicator,  dichlorophosphonazo  III,  (DC?) ,  has  been  used  to  measure    ^ 
effluxes  of  Ca"*"*"  from  the  receptor  layer  of  the  living  rat  retina  by  multi- 
wavelength  spectroscopy  (Yoshikami,  Rashidian  &  Hagins).   A  Ca   efflux 
amounting  to  less  than  10%  of  that  predicted  for  the  hypothesis  that  the 
transmitter  is  free  Ca"*"^  ions  could  be  easily  measured,  but  it  was  not  affected 
by  light.   Attempts  to  get  DCP  into  functioning  rod  cells  have  been  unsuccess- 
ful, so  it  cannot  yet  be  said  that  the  Ca"*"*"  hypothesis  is  confirmed  or  dis- 
proved. 

Study  of  the  nucleoside  phosphate  metabolism  of  retinal  rod  cells  has 
continued.   The  GTPase  first  reported  by  our  group  in  1977  has  been  shown  to 
function  at  substrate  concentrations  equal  to  those  found  in  intact  rods  and 
to  turn  over  more  than  3  GTP's  per  second  per  rhodopsin  chromophore  bleached. 
This  rate  is  sufficient  to  provide  only  part  of  the  free  energy  needed  to  drive 
the  cycle  of  release  and  reaccumulation  of  the  transmitter  substance  (Robinson 
&  Hagins).   Efforts  to  increase  rapid  intracellular  changes  in  nucleotides  of 
living  outer  segments  by  fast  freezing  techniques  are  in  progress. 

The  study  of  solute  relocalization  in  tissues  and  solutions  during  flash 
freezing  is  continuing.   The  increase  in  fluorescence  efficiency  of  1,8  aniline^ 
naphthyl  sulfonic  acid  has  been  exploited  as  a  way  of  displaying  the  movement 
of  an  ice  front  into  a  rapidly  freezing  sample.   Meanwhile,  homogenous  dipolar 
ESR  line  broadening  is  being  used  to  estimate  how  much  segregation  of  soluble 
nitroxyl  spin  probes  in  aqueous  solution  takes  place  as  a  solution  freezes 
(Berman,  Meisner,  Hagins  &  Kon) . 

A  scanning  electron  microscope  from  the  Laboratory  of  Pathology,  NCI,  has 
been  moved  to  Bldg.  2  and  is  being  equipped  for  studies  of  elemental  composi- 
tion of  and  diffusion  of  substances  into  retinal  rod  outer  segments.   The 
facility  is  being  developed  into  a  general  purpose  electron  probe  analyzer  that 
we  hope  will  be  useful  to  several  groups  of  workers  at  NIH  (Hagins  &  W.  Banfield, 
NCI). 

Publications: 

Hagins,  W.  A.:   Excitation  in  Vertebrate  Photoreceptors.   Fourth  Neuro- 
sciences  Study  Program,  Boulder,  Colo.  1977  (in  press), 

Hagins,  W.  A.  &  Yoshikami,  S.:   Intracellular  Transmission  of  Visual      ^ 
Excitation  in  Vertebrate  Retinal  Photoreceptors:   Electrical  Effects 
of  Chelating  Agents  Introduced  into  Rods  by  Vesicle  Fusion.   Vertebrate 
Photoreception,  Academic,  New  York,  1977. 
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Yoshikami,  S.  &  Hagins,  W.  A.:   Calcium  in  Excitation  of  Vertebrate 
Rods  &  Cones:   Retinal  Efflux  of  Calcium  Studied  with  Dichlorophosphrazo 
III.  Ann.  N.Y.  Acad.  Sci.  307,  545-561  (1978). 
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Cluster  analysis  on  the  retinal  isomers  shows  three  categories  due  to  energy  and 
conformational  variations,  which  are  being  related  to  biological  behavior. 

The  four  possible  conformations  of  eye lophosphor amide  have  a  stability  ordei 
in  which  chair  conformations  are  more  stable  than  boat  conformations  and  the 
oxygen  atom  in  the  equatorial  plane  increases  the  stability  over  that  compound  ir 
which  the  oxygen  atom  is  in  the  axial  position. 

The  inhibition  of  aldose  reductase  by  flavonoids  and  related  compounds  is 
being  extended  to  include  the  chromon-2-carboxvlic  acids.   It  turns  out  that  the 
most  stable  form  of  these  molecules  is  a  planar  one,  contrary  to  expectations. 
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Project  No.;   Z01-AM-29012-08-LCP 

Project  Description: 

This  project  investigates  the  molecular  and  submolecular  factors,  such  as 
structural  features,  quantum  parameters  and  physical  properties  in  relation  to 
biological  and  pharmacological  behavior  of  biologically  important  substances. 

1.   Energy  minimization. 

The  energy  minimization  program  (GEMO)  has  been  modified,  and  is  now  capa- 
ble of  interacting  with  the  NIH  program  X-RAY.   This  permits  visualization  of 
the  molecule.   This  program  is  superior  to  previously  utilized  programs  in 
that  it  varies  all  energy  parameters  of  the  molecule  to  give  an  energy  and 
structure  based  on  all  contributions,  rather,  than  as  previously,  on  one  se- 
lected parameter. 

Using  this  program,  an  expanded,  consistent  table  of  stabilities  of  reti- 
nal isomers  (16  in  all)  has  been  produced. 

Cluster  analysis  of  these  isomers  based  on  the  principal  energy  contribu- 
tions shows  that  the  retinals  can  be  divided  into  three  groups.   Cluster  1 
contains  all  those  molecules  which  have  a  7-cis  torsion  angle,  and  is  charac- 
terized by  surprisingly  low  total  bond  energies,  but  high  attractive  forces 
between  hydrogen  atom  pairs  and  hydrogen-carbon  atom  pairs,  as  well  as  torsion 
energies.   This  is  apparently  due  to  the  juxtaposition  of  the  methyl  groups 
on  atoms  5  and  9.   Group  2  contains  only  those  11-cis  isomers  which  do  not 
also  possess  the  7-cis  conformation.   This  group  is  characterized  by  inter- 
mediate values  of  the  energy  parameters.   Group  3  contains,  in  general,  those 
compounds  possessing  none,  or  only  one  cis  conformation,  with  the  exceptions  of 
the  9,13-di-cis  isomer,  wherein  the  two  cis  centers  are  more  widely  separated. 
These  data  (clustering,  structures  and  energies)  are  being  further  investigated 
to  shed  light  on  the  opsin  pharmacophore. 

'Disorder'  in  the  cyclohexene  ring  of  retinal  has  prevented  both  precise 
x-ray  structural  data  and  NMR  resolution.   The  x-ray  data  in  the  literature 
show  an  apparent  shortening  of  the  carbon-carbon  bonds  in  the  ring,  especially 
between  atoms  2  and  3  (GEMO  1.514A,  x-ray  1.37A). 

A  translation-rotation  of  coordinates  of  the  atoms  in  the  ring  was  carried 
out  from  the  two  possible  chair  conformations  to  an  intermediate  planar 
structure.   Bond  lengths  calculated  from  this  fictive  structure  are  in  excellent 
agreement  with  the  x-ray  data,  indicating  that  the  x-rays  are  seeing  an  inter- 
mediate structure. 

The  reactions  and  behavior  of  the  lysyl-alanyl-phenyl-alanine  model  for 
the  visual  pigment  will  be  found  in  Dr.  Adams  report. 

The  four  components  of  cyclophosphoramide,  an  anticancer  drug,  have  been 
investigated  by  the  energy  minimization  calculations.   The  most  stable  form  is 
a  chair  conformation  with  an  equatorial  oxygen  atom,  whereas  the  least  stable 
form  is  a  boat  conformation  with  an  axial  oxygen  atom.   Chair  formations  are 
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more  stable  than  boat,  and  an  equatorial  oxygen  leads  to  more  stability  than 
an  axial  one: 

CE  >  CA  >  BE  >  BA 

The  data  indicate  that  among  the  primary  influences  are  the  torsion  angle 
energies,  and  non-bonded  interactions  involving  the  phosphorus  atom,  and  the 
chloroethyl  side  chains. 


f 


Aldose  reductase  has  been  implicated  in  the  events  which  lead  to  sugar 
cataracts  by  its  action  in  forming  sugar  alcohols,  which  may  be  causes  of  the 
cataracts.   Flavonoids  have  been  reported  to  be  potent  inhibitors  of  aldose 
reductase.   The  postulated  mechanism  of  inhibition  is  a  nucleophilic  assault 
on  the  carbon  of  a  carbonyl  group  by  the  reductase,  which  thus  becomes  un- 
available to  its  normal  substrate.   Since  certain  stereochemical  requirements 
must  also  be  met,  a  new  series  of  related  compounds,  the  5-  or  7-  substituted 
chromone-2-carboxylic  acids  are  under  investigation  by  quantum  calculations 
and  energy  minimization  studies.   Contrary  to  the  a  priori  expectations,  these 
molecules  seem  to  be  planar. 

Publications: 

Kador,  Peter  F.  and  Norman  E.  Sharpless:   StructurL  activity  studies  of 
aldose  reductase  inhibitors  containing  the  4-oxo-4H-chromene  ring  system. 
Biophys.  Chem.  8_,  81-85  (1978).  A 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Model  systems  of  visual  pigments  are  constructed  using  retinal  and  retinal 
isomers  in  tt-tt  complexes  with  amino  acids  and  peptides.   Models  are  examined 
both  spectroscopically  and  with  computer  programs  (GEMO)  applications  to  deter- 
mine how  to  approximate  rhodopsin. 
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Project  Description 

The  primary  purpose  of  this  project  continues  to  be  the  elucidation  of 
structure  and  function  of  the  chromophore  (retinal)  of  the  mammalian  pigment 
rhodopsin.   Ideally  the  resultant  data  will  contribute  to  construction  of  an 
in  vitro  system  which  will  approximate  the  function  of  retinal  in  vivo. 

The  experimental  series  where  in  the  complexes  between  the  tripeptide 
a-acetyl-1-lysyl-l-lanyl-l-phenylalanine  methyl  ester  and  retinal  (as  well 
as  some  simpler  aldehydes)  has  accumulated  data  which  all  support  the  thesis 
that  the  tripeptide  is  the  actual  building  site  of  retinal  in  rhodopsin. 
The  examination  of  near  neighbor  effects  as  the  cause  for  the  unexplained 
spectral  absorption  of  rhodopsin  at  500  nm  has  not  been  concluded.   It  is 
further  extended  by  recent  claims  that  hydrogen  ion  effects  on  the  included 
Schiff  base  of  rhodopsin  is  the  causative  agent.   We  have  not  been  able  to 
demonstrate  this  in  our  system  although  the  original  experiments  have  been 
duplicated.   It  appears  that  further  work  is  needed. 

The  computer  approach  via  energy  minimization  (GEMO)  has  produced  data 
characterizing  the  retinal  isomers  as  to  stability  and  the  tripeptide  ac- 
cording to  its  minimum  energy  state  but  the  program  needs  some  expansion  to 
handle  the  combination  of  the  tt-tt  complexes.   For  further  results  see 
Sharpless. 

Future  Work 

1.  Statistical  studies  of  current  data  via  "cluster  theory"  which  will 
indicate  fruitful  areas  by  showing  dependency  of  data  upon  each  other. 

2.  Many  additional  test  tube  experiments  are  required  to  verify  com- 
puter results  and  decide  which  system  (tt-tt  complex  or  near  neighbor  effects) 
is  more  likely  in  the  rhodopsin  molecule. 


5  34 


SMITHSONIAN    SCI^JCE    I.^JFORMATl  ON    EXCHANGE 
PROJECT   NUMBER    (Do   NOT   use    this    space) 


U.S.    DEPARTMENT   QF 
HEALTH,    EDUCATION,    AND    WELFARE 
PUBLIC    HEALTH    SERVICE 
NOTICE   OF 
INTRAMURAL   RESEARCH    PROJECT 


PROJECT   NUMBER 


ZO1-AM-29014-18-LCP 


PERIOD  COVERED 

October  1,  1977  through  September  30,  1978 


TITLE  OF  PROJECT  (30  characters  or  less) 

Effects  of  environmental  stress  (hypoxia,  exercise,  smoke)  on  animals 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI:      Paul  D.  Altland 
OTHER:    Milton  G.  Parker 


Research  Physiologist 
Biologist 


A  LCP 
A  LCP 


COOPERATING  UNITS  (if  any) 

Barnett  Rattner  (Post-doctoral  Guest  Worker) 
National  Naval  Medical  Research  Institute 
Bethesda,  Maryland   20014 


lab/branch 

Laboratorv  of  Chemical  Physics 


SECTION 

Section  on  Physiology 


INSTITUTE  AND  LOCATION 

NIAMDD,  NIH,  Bethesda,  Maryland   20014 


TOTAL  MANYEARS: 

2.0 


PROFESSIONAL: 
1.0 


OTHER: 


1.0 


CHECK  APPROPRIATE  BOX(ES) 
Z   (a)   HUMAN  SUBJECTS 

n  (al)  MINORS  Z   (a2)  INTERVIEWS 


□  (b)  HUMAN  TISSUES 


3  (c)    NEITHER 


SUMMARY    OF    /JORK    (200    «ords    or    less   -   underline    keywords) 

In  a  study  of  the  effects  of  a  combination  of  carbon  monoxide  and  nicotine  on 
tissue  and  functional  changes  in  rats  it  was  found  that  subconvulsive  doses  of 
nicotine  (0.5  to  1.0  mg  nicotine  bitartrate/kg)  plus  exposure  to  moderate  to  severe 
levels  of  carbon  monoxide  (100  to  500  ppm)  produced  within  4  hours  hypothermia, 
elevated  blood  glucose  and  lactic  acid  levels,  with  the  lowest  concentrations  of 
the  noxious  agents,  and  elevated  plasma  aspartate  and  alanine  aminotransferases 
levels  at  the  highest  concentrations.   The  study  thus  far  has  shown  that  the 
effects  of  a  combination  of  nicotine  and  carbon  monoxide  induced  greater  systemic 
changes  than  either  agent  alone.   This  finding  emphasizes  the  importance  of  pos- 


sible synergism  between  various  individual  components  of  cigarette  smoke  and  the 
effects  that  such  interactions  have  upon  physiological,  biochemical  and  patholog- 
ical changes  in  animals  and  man. 
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The  possible  deleterious  effects  of  atmospheric  pollutants  such  as  carbon 
monoxide  combined  with  suspended  particulate  matter,  nicotine,  and  other  com- 
ponents of  cigarette  smoke  have  not  been  thoroughly  investigated.   Recently  we 
have  determined  that  the  presence  of  relatively  low  concentrations  of  cigarette 
smoke  in  a  confined  space  produced  changes  in  body  temperature,  plasma  enzymes  m~ 
and  other  functional  processes  in  rats.   We  decided  to  study  the  effects  of 
various  combinations  of  certain  individual  components  of  cigarette  smoke,  such 
as  carbon  monoxide  and  nicotine,  on  the  production  of  such  changes  in  rats.   We 
have  found  that  the  lowest  levels  of  these  agents  that  produced  significant 
systemic  changes,  such  as  hypothermia  and  elevated  blood  glucose  and  lactic 
acid,  were  4  hourly  injections  of  1.0  mg/kg  nicotine  combined  with  a  continuous 
4  hour  exposure  to  100  ppm  carbon  monoxide.   Changes  in  the  concentration  of 
certain  plasma  enzymes,  such  as  aspartate  and  alanine  aminotransferases, 
occurred  only  at  high  concentration  of  the  noxious  agents.   Studies  on  tissue 
changes  and  plasma  corticosterone  levels  are  being  conducted  to  determine  the 
mechanisms  responsible  for  these  systemic  changes. 

Experiments  designed  to  determine  the  effects  of  a  combination  of  partic- 
ulate matter  with  nicotine  (com  silk  smoke)  and  carbon  monoxide  on  systemic 
changes  in  rats  are  being  planned.   Also,  investigations  have  been  initiated  on 
the  potential  prophylactic  effects  of  long  term  conditioning  to  various  envi- 
ronments (acclimation  to  cold,  altitude)  or  exercise  regimes  on  the  suscept- 
ibility of  mice  to  decompression  sickness.   Studies  will  be  conducted  on  the 
effects  of  anti-anginal  anti-cholinergic  and  anti-adrenergic  drugs  on  the      |^ 
tolerance  to  hypoxia  (altitude  exposure). 

Publications: 

Altland,  P.  D.:   Changes  in  serum  bilirubin  and  hemoglobin  in  rats  exposed 
to  high  altitude.   International  Journal  of  Biometeorology  21:165-170, 
1977. 

Altland,  P.  D.,  Parker,  M.  G.  and  Brubach,  H.  F.:   Effects  of  graded  con- 
centrations of  cigarette  smoke  on  plasma  enzyme,  corticosterone  and  body 
temperature  in  rats.   Environmental  Research  15:150-169,  1978. 
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SUMMARY    OF    »J0RK    (200    ^ords    or    less    -    underline    keywords) 

The  laboratory  computer  facility  serving  LCP  and  LMB  was  available  for  data 
acquisition  during  86%  of  the  reporting  period;  however,  of  this  time  —  23%  was 
at  a  poor  level  of  reliability.   These  hardware  failures  were  primarily  in  the 
main  frame  which  is  now  nine  years  old.   The  development  effort  on  a  prototype 
distributed  computer  system  for  data  acquisition  (in  cooperation  with  the  Computdr 
Systems  Lab.)  has  progressed  from  design  to  implementation  and  both  hardware  and 
software  elements  are  being  tested. 
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This  computer  facility  has  served  the  Laboratories  of  Molecular  Biology 
and  Chemical  Physics  for  the  past  nine  years.   In  cooperation  with  the  Computer 
Systems  Laboratory,  DCRT,  we  are  developing  a  prototype  microcomputer-based 
system  that  will  permit  a  graceful  evolution  from  the  existing  Star  configura-  m^ 
tion  to  a  three-level  Hierarchical  configuration.   This  change  will  be  accom- 
plished with  minimal  disruption  of  laboratory  work  because  the  Hierarchical 
system  will  operate  in  parallel  with  the  existing  system.   The  three  level 
system  consists  of  a  dedicated  microcomputer  at  each  instrument  to  perform 
real-time  data  acquisition,  a  serial  link  to  a  communications  microcomputer 
having  bulk  storage  and  a  high  speed  parallel  link  to  the  existing  processor, 
a  Honeywell  516  machine.   As  the  data  acquisition  function  is  removed  from  the 
Honeywell  computer,  it  will  become  more  accessible  for  data  processing. 

Objectives: 

Development  of  real-time  data  acquisition  systems  to  service  laboratory 
instrumentation  and  creation  of  the  software  elements  to  manage  and  process 
the  data  generated  or  the  theoretical  studies  undertaken  in  conjunction  with 
experimental  work. 

Findings: 

This  laboratory  computer  facility  was  in  routine  operation  this  year  with  i^ 
no  major  alterations.   Hardware  reliability  has  become  a  problem  because  many 
of  the  failures  during  the  past  year  have  been  difficult  or  impossible  to  detect 
with  the  normal  vendor  diagnostics.   Most  down-time  has  been  related  to  the 
mainframe  and  appears  to  be  due  to  the  failure  of  discrete  components  which 
have  exceeded  their  useful  lifetime.   An  extensive  review  of  the  operating 
system,  OLERT,  was  made  in  connection  with  the  many  system  failures;  however, 
changes  to  give  more  information  about  failure  modes  do  not  seem  to  be  justified. 
System  documentation  was  further  revised  with  compilation  of  Vol.  II,  Sub- 
programs and  other  Write-Ups. 

The  major  effort  this  year  has  been  the  development  of  the  prototype  Hier- 
archical system.   Design  policy  has  been  established  and  a  functional  specifica- 
tion for  the  system  has  been  written.   The  prototype  is  highly  modular  and  five 
people  now  are  engaged  in  the  detailed  specification  and  design  of  the  various 
elements.   All  hardware  is  presently  at  hand  and  the  interfaces  are  either  in 
place  or  in  fabrication.   The  software  design  reflects  the  modularity  of  the 
system  and  exists  primarily  as  discrete  function  subroutines. 

After  a  year  of  testing  [see  Project  No.  ZO1-AM-29012-08-LCP] ,  the  molec-  ^ 
ular  energy  minimization  program  GEMO  has  been  enhanced  by  changes  improving   ^^ 
user  interaction  and  formatting  of  the  result  file.   Currently  a  data  preproces- 
sing program  is  being  written  which  will  detect  common  errors  in  the  large  input 
files.   Also  a  post  processing  program,  CLAB,  has  been  found  useful  for  reducing 
the  extensive  result  files  to  the  kemal  of  physically  significant  elements. 
Ancillary  programs  were  created  in  SAIL  and  FORTRAN  to  permit  IMSL  library 


538 


Project  No.:   Z01-AM-29015-07-LCP 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  two  projects  described  in  the  76/77  annual  report,  Z01-AM-29016-02-LCP,  have 
been  continued  and  extended:  (1)  light  scattering  has  been  supplemented  by 
birefringence  measurements  to  study  the  melting  and  repolymerization  measure- 
ments of  gels  of  hemoglobin  S_.   Light  scattering  and  turbidity  have  been  used  to 
systematically  investigate  initial  progress  curves  for  the  polymerization 
reaction.   (2)  Studies  on  CO  hemoglobin  have  been  extended  by  inducing  the 
reaction  by  photodissociation  of  carbon  monoxide.   An  argon-ion  laser  is  used 
with  the  existing  microspectrophotometer,  permitting  observation  of  the  poly- 
merization reaction  at  rates  over  1,000  times  faster  than  we  were  previously 
able  to  measure. 
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Collaborative  contributions  have  been  made  to  other  projects  involving  the 
mechanism  of  hemoglobin  S  polymerization  in  pure  deoxy  solution  and  in  mixtures 
with  other  hemoglobins. 
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Methods  Employed: 

Both  theoretical  and  experimental  techniques  are  being  used  to  study  assembly 
reactions.   The  intensity  of  light  scattered  by  assembling  protein  solutions 
is  being  studied  as  a  function  of  angle  and  protein  concentration  in  order  to 
obtain  information  on  the  molecular  weights  and  virial  coefficients  of  the 
proteins  and  non-assembling  controls.   The  intensity  of  scattered  light  is  also 
being  used  as  a  probe  to  examine  the  kinetics  of  the  polymerization  and/or 
assembly  reactions.   The  immediate  goal  is  to  provide  a  detailed  model  for  the 
nucleation  and  growth  of  the  hemoglobin  S  polymers  which  is  consistent  with 
both  the  available  thermodynamic  and  kinetic  results.   Models  are  now  being 
examined  in  terms  of  their  ability  to  explain  both  the  time  dependence  of  the 
appearance  of  polymer  and  the  concentration  and  temperature  dependence  of  the 
observed  rates  over  a  wide  range  of  conditions. 

Further,  conventional  sedimentation  techniques  which  measure  the  solubility  of 
the  hemoglobin  S  with  respect  to  the  polymer  phase  and  turbidimetric  measure- 
ments of  the  rate  of  appearance  of  the  polymer  have  been  supplemented  by  linear 
dichroism  measurements  in  an  investigation  of  the  polymerization  of  partially 
liganded  hemoglobin  S  solutions.   The  linear  dichroism  has  the  advantage  of 
observing  only  the  hemoglobin  which  is  spontaneously  aligned  and  thus  is 
capable  of  spectrophotometrically  monitoring  the  composition  of  the  polymer 
phase  without  interference  from  the  protein  in  the  solution  phase. 

Both  light  scattering  and  linear  dichroism  measurements  have  also  been  utilized 
in  kinetic  experiments  in  which  polymerization  is  induced  by  laser  photolysis 
of  hemoglobin  S  saturated  with  carbon  monoxide.   An  argon-ion  laser  is  used  as 
the  photolysis  source.   Because  of  the  high  continuous  light  flux  necessary  to 
remove  the  ligands  from  the  concentrated  saturation  and  maintain  the  sample  in 
the  unliganded  state,  very  small  sample  volumes  (<10~   cc)  must  be  used. 
Experiments  are  therefore  carried  out  in  a  microspectrophotometer  designed  and 
built  in  this  laboratory  which  is  capable  of  observing  samples  as  small  as 
1-2  microns  in  diameter.   On  these  small  volumes,  complete  desaturation  can  be 
achieved  within  1  msec.   The  appearance  of  polymers  can  be  conveniently 
measured  by  observing  the  scattered  light  from  the  photolysis  source.   The 
fractional  saturation  can  be  monitored  simultaneously  with  the  conventional 
spectrophotometer  detection  system  by  modulating  the  incident  light  intensity 
and  observing  the  AC  component  at  the  modulation  frequency  in  the  detected 
photocurrent.   Simultaneous  linear  birefringence  experiments  can  be  made  using 
a  similar  technique. 

The  photolysis  system  can  also  be  used  to  measure  the  kinetics  of  ligand 
binding  to  both  the  monomer  and  polymer  phases.   By  reducing  and  modulating 
the  intensity  of  the  photolysis  source,  the  saturation  of  the  hemoglobin  sample 
can  be  modulated  at  frequencies  up  to  10^  Hz.   By  monitoring  the  phase  shift 
and  amplitude  of  the  absorbance  changes  the  kinetics  of  ligand  binding  to  the 
hemoglobin  molecules  in  solution  are  measured.   Corresponding  experiments  in 
which  the  linear  dichroism  is  monitored  permit  the  measurement  of  the  rate  and 
extent  of  ligand  binding  to  the  polymer  phase.   A  principal  advantage  of  the 
excitation-modulation  technique  is  that  kinetic  difference  spectra  can  be 
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measured  easily  and  with  very  high  sensitivity.   Also,  by  choosing  wavelengths 
at  which  the  difference  spectrum  for  a  major  component  in  the  kinetic  difference 
signal  is  zero  or,  alternatively,  by  selecting  against  a  major  component  of  the 
modulated  signal  by  looking  90°  out  of  phase,  small  secondary  components  in  the 
response  of  the  system  are  readily  detected  and  difference  spectra  associated  ^ 
with  these  processes  can  be  measured.   The  sensitivity  of  the  modulation  methoc|P 
is  critical  for  the  measurement  of  the  polymer  fractional  saturation  since 
direct  experiments  suggest  that  less  than  4%  of  the  polymerized  hemoglobin  is 
liganded  even  at  solution  fractional  saturations  of  70%. 

A  data  acquisition  system  for  recording  transient  phenomena  has  been  purchased 
and  put  into  use.   The  system,  utilizing  Nicolet  1090a,  a  digital  oscilloscope 
as  a  data  acquisition  device  and  a  Hewlett  Packard  9825  calculator  as  a  local 
storage  and  data  processing  computer  has  been  interfaced  directly  to  the  PDP-10 
computer  via  telephone  lines  and  has  been  in  routine  use  for  collection, 
storage  and  processing  of  data  from  the  light  scattering  equipment,  the 
microspectrophotometer  and  the  electric  dichroism  apparatus  used  by 
Dr.  Elliot  Charney. 

Major  Findings: 

The  results  fall  into  five  major  categories: 

I.  Molecular  Mechanism  of  Hemoglobin  S  Gelation  ^^ 

A  simple  theory  for  the  kinetics  of  hemoglobin  S  gelation  based  on  a  model  of 
nucleation  and  growth  of  individual  polymers,  has  been  developed.   An 
analytical  rate  expression  has  been  derived  for  the  early  stages  of  the 
reaction.   The  influence  of  the  large  non-ideality  that  is  known  to  exist  in 
concentrated  hemoglobin  solutions  has  been  included.   The  theory  is  capable 
of  rationalizing  the  large  experimentally-observed  dependence  of  the  delay 
time  on  concentration,  temperature,  and  equilibrium  solubility.   It  indicates 
that  the  extreme  sensitivity  of  the  delay  time  to  these  variables  is  due  in 
large  part  to  the  non-ideality  of  the  concentrated  protein  solutions  required 
for  gelation.   The  theory  fails,  however,  to  predict  the  shape  of  the  kinetic 
progress  curves,  suggesting  that  some  additional  physical  process  must  be 
incorporated  into  the  model.   See  the  annual  report  Z01-AM-29G09-06-LCP  by 
Dr.  William  A.  Eaton  for  a  more  complete  summary. 

II.  Molecular  Mechanism  of  Hemoglobin  S  in  Mixtures  with  Hemoglobins  A  and  F 

A  study  has  been  completed  on  the  solubility  and  delay  time  of  deoxyhemoglobin 
S  in  various  mixtures  with  hemoglobins  A  and  F.   The  theoretical  model 
discussed  above  has  been  extended  to  explain  the  kinetic  results  and  a  two-   ^j^ 
phase  thermodynamic  model  has  been  developed  to  interpret  the  thermodynamic   ^^ 
data.    Non-ideality  is  found  to  play  a  major  role  in  both  models.   The 
HbS-HbF  data  are  rationalized  by  assuming  that  the  deoxyhemoglobin  S  molecule, 
0280  is  the  only  polymerizing  species  while  the  data  on  HbS-HbA  mixtures 
require  copolymerization  of  AS  hybrid,  a26  B  ,  species.   See  the  annual 
report  Z01-AM-29009-06-LCP  by  Dr.  William  A.  Eaton  for  a  more  detailed  summary. 
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III.  Clinical  Relevance  of  Mixture  Data 

Kinetic  results  from  experiments  on  HbF-HbS  and  HbA-HbS  mixtures  have  been  used 
to  answer  the  question:  how  much  must  the  delay  time  of  gelation  be  increased 
to  produce  a  given  therapeutic  effect  in  patients?  With  the  resulting  numbers 
various  therapeutic  strategies  can  be  quantitatively  evaluated.   From  this 
study  we  conclude  that  it  will  probably  be  necessary  to  employ  more  than  a 
single  drug,  thereby  taking  advantage  of  the  multiple  methods  available  for 
altering  the  delay  time  ^iii  vivo,  in  order  to  obtain  a  useful  therapeutic 
effect  without  serious  toxicity  problems.   See  the  report  Z01-AM-29009-06-LCP 
for  a  more  detailed  description  of  this  project. 

IV.  Photolysis  of  Carbonmonoxyhemoglobin  S 

In  the  past  year  the  photolysis  experiments  have  proceeded  through  three 
phases : 

A.  Conditions  under  which  polymerization  could  be  induced  by  photolysis 
without  the  undesirable  side  effects  of  sample  heating  have  been  found  and 
control  experiments  performed  to  establish  the  manitude  of  the  temperature 
change.   The  samples  required  are  extremely  small,  ^1-2  microns  thick  and 

10  microns  in  diameter,  necessitating  the  use  of  f  microspectrophotometer  to 
observe  and  measure  the  optical  signals  which  are  used  to  monitor  the  reaction. 
The  very  small  volumes  which  are  necessary  to  maintain  temperature  control 
made  it  nearly  impossible  to  measure  either  turbidity  or  birefringence,  the 
standard  techniques  by  which  we  have  observed  polymerization.   Fortunately, 
the  scattering  of  light  from  the  photolysis  source  itself  provides  a  sensitive 
probe  for  the  appearance  of  polymers,  and  the  very  high  extinction  coefficient 
of  the  Soret  band  provides  a  sensitive  spectrophotometric  measure  of  the 
fractional  saturation  of  these  small  samples. 

B.  A  systematic  study  of  the  potentials  of  the  technique  has  been  completed. 
This  study  has  shown  that  a  wide  variety  of  kinetic  experiments  are  feasible 
with  the  existing  instrumentation.   In  addition  to  the  photolysis  induced 
polymerization,  modulated  excitation  techniques  can  be  used  to  obtain 
important  kinetic  and  equilibrium  information.   By  controlling  the  average 
laser  intensity  the  fractional  saturation  of  the  illuminated  spot  can  be 
altered  at  will,  despite  the  fact  that  the  bulk  of  the  sample  is  fully 
saturated  with  CO.   Dr.  Ferrone  has  previously  shown  how  this  capability  can 
be  utilized  to  measure  the  kinetics  of  ligand  binding  and  the  quaternary 
structural  change  in  dilute  hemoglobin  solutions.   In  concentrated  hemoglobin 
S  solutions  a  variety  of  other  experiments  can  be  carried  out.   After  prepar- 
ing a  partially  saturated  state  by  continuous  low  level  illumination,  a 
small  modulation  of  the  laser  intensity  is  used  to  generate  a  corresponding 
modulation  in  the  amount  of  bound  ligand.   If  the  time  dependence  of  the  sample 
absorption  is  observed,  the  kinetics  of  ligand  binding  to  the  solution  phase 
can  be  measured.   Of  more  interest,  however,  is  the  observation  of  the 
corresponding  process  in  the  polymer  phase.   If  one  now  looks  at  the  linear 
dichroism  of  the  sample,  which  results  solely  from  the  spontaneous  alignment 
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of  the  polymerized  hemoglobin,  the  modulated  dichroism  signal  provides  a 
measure  of  the  ligands  which  are  being  removed  from  and  rebinding  to  the 
polymer.   Preliminary  experiments  have  shown  that  the  resulting  signals  are 
readily  measurable,  even  at  polymer  saturations  of  only  about  1%,  thus  permit- 
ting a  quantitative  determination  of  the  low  fractional  saturation  observed  in  ^^ 
the  polymer  phase.   This  data  is  important  in  understanding  the  details  of  the  K 
linkage  between  the  ligation  and  polymerization  of  hemoglobin  S. 

C.   A  systematic  study  of  the  photolysis-induced  polymerization  on  completely 
desaturated  samples  is  in  progress.   Using  this  technique  we  have  been  able  to 
induce  and  observe  polymerization  over  1,000  times  faster  than  was  previously 
possible.   The  polymerization  shows  features  which  are  qualitatively  similar 
to  those  observed  in  slower  experiments,  viz. ,  a  delay  period  followed  by  rapid 
polymer  formation.   We  have  observed  delays  as  short  as  4  milliseconds.   The 
delay  is  also  proportional  to  a  very  high  power  of  the  hemoglobin  concentration 
(in  our  present  experiments,  49th  power)  as  observed  in  the  slower  experiments. 
The  temperature  dependence  of  the  delay  is  also  large  and  shows  an  apparent 
temperature  dependence  to  the  activation  energy.   The  rates  of  photolysis- 
induced  polymerization  have  also  been  measured  in  pilot  experiments  on  intact 
sickle  cells,  using  light  scattering  as  a  probe.   We  have  found  that  partial 
photolysis  of  the  intracellular  hemoglobin  can  cause  polymerization  to  occur 
within  a  few  hundred  milliseconds. 

The  rapid  polymerization  experiments  provide  these  important  pieces  of  informa- 
tion.  First,  the  kinetic  hypothesis  which  correlates  the  severity  of  sickle   ^ 
cell  disease  with  the  delay  time  requires  that  the  intracellular  hemoglobin 
polymerize  in  times  short  compared  to  capillary  transit  times,  typically  about 
1  second.   In  contrast  to  a  variety  of  reports  in  the  literature,  our  photolysis 
experiments  verify  that  this  is  indeed  possible,  and  will  provide  quantitative 
data  on  rates  of  intracellular  polymerization.   Secondly,  the  ability  which  we 
now  possess  to  measure  polymerization  kinetics  over  eight  decades  of  time  at  a 
single  temperature  permits  more  stringent  tests  of  the  polymerization  mechanism 
than  have  been  possible  to  this  point.   For  example,  in  fast  experiments  we 
should  be  able  to  kinetically  distinguish  the  growth  of  polymers  from  their 
alignment,  and  thereby  restrict  possible  mechanisms  for  the  growth  phase  of 
the  kinetics. 

V.   Light  Scattering  and  Birefringence  Studies  of  Hemoglobin  S  Gelation 

A  variety  of  experiments  in  which  light  scattering,  turbidity  and  birefringence 
have  been  used  to  measure  polymerization  progress  curves  and  the  kinetic 
behavior  of  already  polymerized  samples  have  been  carried  out.   Interpretation 
of  the  latter  experiments  is  clouded  by  a  lack  of  sufficient  information  on  the 
structure  and  physical  properties  of  the  polymer  phase  but  some  general        ^k 
conclusions  can  be  drawn.  1^ 
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(a)  Polymerization  progress  curves 

A  set  of  progress  curves  measured  simultaneously  by  light  scattering  at  90° 
and  turbidity  have  been  collected.   The  experiments  were  designed  to  cover  a 
100-fold  range  of  delay  times  at  temperature  between  15  and  35°C.   The  light 
scattering  curves  show  autocatalytic  behavior  but  the  slopes  vary  with 
delay  time.   The  longest  slopes  are  observed  at  delay  time  of  1000-10000  sec. 
with  decreased  slopes  observed  at  both  longer  and  shorter  times. 

A  set  of  progress  curves  has  also  been  collected  using  the  Gary  17  for  turbid- 
ity measurements.   These  data  have  been  collected  in  a  fine  grid  of  concentra- 
tion at  8  temperatures  betwee  10  and  40°C  and  will  be  used  to  examine  second 
order  effects  in  the  dependence  of  delay  time  as  a  test  of  the  predictions  of 
nucleation  theory.   The  theory  predicts  that  two  competing  effects  could  alter 
the  apparent  concentration  and  temperature  dependence  of  the  delay  time,  the 
concentration  dependence  of  the  activity  coefficients  and  the  effect  of  super- 
saturation  on  nucleus  size.   The  nucleus  should  decrease  in  size  as  the  super- 
saturation  increases  and  correspondingly  as  the  delay  time  decreases,  thereby 
generating  a  decreased  concentration  dependence  at  high  supersaturation. 
Unfortunately  as  the  concentration  is  increased  the  concentration  dependence 
of  the  activity  coefficients  also  increases.   This  activity  coefficient  term 
increases  the  apparent  concentration  dependence.   By  collecting  a  grid  of  data 
multiple  correlations  can  be  examined  to  see  if  either  of  these  predictions 
can  be  experimentally  substantiated. 

(b)  Melting  and  repolymerization  kinetics 

Light  scattering  and  birefringence  have  been  used  to  study  the  rate  of  depoly- 
merization  of  deoxyhemoglobin  S  when  polymerized  samples  are  cooled  to  tempera- 
tures below  the  solubility.   When  a  sample  is  rapidly  cooled  the  scattered 
intensity  decreases  exponentially  for  nearly  5  decades  of  signal  change.   The 
apparent  rate  of  melting  increases  with  decreasing  temperature,  exhibiting  an 
apparent  negative  activation  energy  for  the  melting  process.   If  repolymeriza- 
tion is  initiated  by  a  positive  temperature  jump  during  the  observed  melting 
curve  a  shortened  delay  time  is  observed.   If,  however,  the  light  scattering 
signal  is  followed  until  it  vanishes  into  the  baseline,  the  full  delay  is 
recovered.   Similar  experiments  using  birefringence  measurements  show  that  the 
recovery  of  the  delay  time  is  nearly  linear  with  time  after  the  disappearance 
of  the  birefringence  signal.   The  melting  kinetics  appear  to  be  consistent 
with  a  model  of  crystal  dissolution  which  explains  with  the  apparent  negative 
activation  energy  and  the  exponential  time  course. 

(c)  Temperature  perturbation  experiments 

A  considerable  body  of  data  accumulated  by  monitoring  kinetics  induced  by 
small  temperature  changes  on  preformed  gels  is  both  confusing  and  incomplete. 
Both  turbidity  and  birefringence  experiments  have  again  been  used  to  measure 
changes  in  the  amount  and  alignment  of  polymers.   Birefringence  measurements 
provide  very  small  signals  if  small  perturbations  are  applied.   The  observed 
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signal  change  is  much  smaller  than  would  be  epxected  from  the  change  in  the 
amount  of  polymerized  hemoglobin  S  as  measured  by  sedimentation  experiments. 
Since  birefringence  heavily  weights  the  most  ordered  material,  one  possible 
interpretation  is  that  the  polymers  are  not  uniformly  oriented  and  the  more 
disordered  components  of  the  polymer  phase  melt  most  rapidly.   This  interpre- 
tation is  supported  by  corresponding  turbidity  experiments  which  produce  signal^^ 
amplitudes  which  more  faithfully  follow  the  pol3^er  mole  fraction.   The       * 
turbidity  changes  occur  more  rapidly  than  the  corresponding  birefringence 
changes  and  have  a  greater  amplitude.   The  turbidity  data  for  both  melting  and 
repolymerization  in  the  range  of  10-20°C  can  be  analyzed  to  yield  two  rate 
constants  of  about  1-2  and  0.1  min~  .   The  birefringence  in  similar  jumps 
appears  only  to  respond  at  the  slower  rate  and  exhibits  an  additional,  still 
slower,  component.   This  very  slow  component,  which  has  a  large  amplitude  in 
birefringence  measurements  and  may  make  small  contributions  to  the  turbidity 
as  well,  is  therefore  most  readily  assigned  to  a  change  in  polymer  orientation. 
This  very  slow  component  also  appears  to  be  responsible  for  hysteresis  seen  as 
a  change  in  final  signal  level  if  the  same  intermediate  temperature  is 
approached  from  above  or  from  below. 

A  tentative  model  incorporating  a  distribution  of  polymer  orientation  functions 
which  are,  in  turn,  responsible  for  a  range  of  stabilities  for  the  bulk 
polymer  phase  is  being  explored  with  reference  to  this  data.   Predictions 
based  on  a  tentative  model  will  then  be  tested  to  determine  whether  it  is 
tenable.   Such  a  model  seriously  complicates  the  simple  two-component,  two- 
phase  thermodynamic  description  of  the  gel  since,  for  example,  it  predicts     ^£ 
changes  in  solubility  which  depend  on  the  degree  of  polymer  orientation.      ^^ 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  studies  of  photolysis  induced  polymerization  kinetics  provide  the  only 
available  technique  for  studying  the  polymerization  reaction  as  it  is  actually 
initiated  in  vivo,  by  the  removal  of  ligands  on  physiological  time  sides.   The 
fast  kinetics  also  show  promise  as  a  convenient  screening  technique  for 
therapeutic  inhibitors  of  hemoglobin  S  polymerization. 

The  physical  studies  of  the  polymer  phase  and  polymerization  kinetics  are  aimed 
at  providing  a  better  basic  understanding  of  the  physical  nature  of  the  polymer 
phase,  and  the  self-assembly  process  by  which  it  is  formed. 

Proposed  Course  of  Project: 

Laser  photolysis  experiments  will  be  completed  under  conditions  which  produce 
complete  desaturation.   The  techniques  will  then  be  exploited  to  examine  the 
kinetic  properties  of  single  cells.   A  major  objective  of  this  study  will  be  to^ 
determine  whether  photolysis  induced  polymerization  can  provide  an  efficient  f^ 
tool  with  which  to  screen  potential  therapeutic  agents.   The  photolysis  studies'^-- 
will  also  be  used  to  examine  kinetics  in  partially  saturated  solutions. 

Modulated  excitation  experiments  will  be  performed  to  examine  the  fractional 
saturation  of  the  polymer  phase  as  a  function  of  solution  fractional  saturation. 
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Presently  available  data  from  light  scattering  and  birefringence  will  be 
analyzed  to  provide  a  sufficient  model  for  the  behavior  of  the  polymer  phase 
in  melting  and  temperature  perturbation  experiments. 

A  further  project  is  proposed  in  which  high  energy,  short  laser  pulses  will  be 
used  to  orient  molecules  in  the  electric  field  produced  by  the  light  beam. 
With  present  technology,  sufficient  energy  can  be  delivered  by  a  Q  switches 
neodymium  laser  to  provide  optical  fields  as  high  at  10^  volts/cm.   The 
orientation  induced  by  optical  fields  arises  solely  from  the  polarizability 
anisotropy  of  the  molecular  species  being  studies  and  hence  orientation 
mechanisms  can  be  elucidated  from  such  studies.   Further,  because  the  rise 
and  fall  time  of  the  Q  switched  pulses  can  be  made  extremely  short  (10~"  sec) , 
rotational  relaxation  of  very  small  bipolymers  can  be  studied  directly. 
The  rotational  relaxation  rate  is  very  sensitive  to  polymer  size,  depending 
inversely  on  the  length  cubed,  and  hence  is  a  very  sensitive  probe  of  inter- 
molecular  interactions  and  aggregation.   The  equipment  required  for  such 
experiments,  in  addition  to  the  laser,  includes  an  intense  pulsed  source, 
either  a  flashlamp  or  a  flash-lamp-pumped  dye  laser,  a  fast  transient  recorder, 
phototubes  and  associated  electronics.   In  the  next  year  it  is  proposed  that 
the  optical  equipment  to  do  such  experiments  will  be  acquired  and  explorative 
studies  initiated. 
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Muscle  Contraction  ^_. 

X-ray  diffraction.   The  instrumentation  of  the  laboratory  was  improved  con-  ^ 
siderably,  which  enabled  us  to  open  up  several  new  areas  of  investigation. 
The  availability  of  high  resolution,  position-sensitive  X-ray  detectors  made 
it  possible  for  us  to  optimize  the  performance  of  our  X-ray  cameras  and  to 
collect  data  with  a  high  signal  to  noise  ratio.   Our  computer  based  multi- 
channel analyzer  allowed  us  to  process  data  as  it  was  being  collected,  and 
to  improve  the  peak  stripping  procedure  by  digital  subtraction  of  an  experi- 
mentally determined  background  signal  from  the  diffraction  pattern.   The  in- 
stallation of  a  higher  power  X-ray  generator  will  cut  down  the  exposure  time 
needed  to  obtain  interpretable  data. 

The  most  significant  advance  took  place  in  our  study  of  the  force 
generating  mechanism  in  simplified  muscle  preparations  under  direct  chemical 
control.   Excellent  diffraction  patterns  were  obtained  when  the  cell  membrane 
was  made  permeable  by  treatment  with  EGTA.   Strips  of  rabbit  psoas  fibers 
were  treated  overnight  with  a  standard  relaxing  medium  and  small  bundles 
("^  150  um  in  diameter)  were  mounted  in  a  temperature  controlled  X-ray  cell 
containing  a  sensitive  force  transducer.   The  fiber  bundle  was  activated  by 
raising  the  calcium  level  to  10"^  M.   The  ATP  level  in  the  activating  solutiQ|^ 
was  backed  up  with  a  creatine  phosphate-creatine  phosphokinase  system.   When 
the  temperature  was  increased  from  2  to  10  degrees  C,  the  steady  isometric 
force  increased  about  fourfold.   However,  the  intensity  ratio  of  the  two 
main  equatorial  reflections,  Iio/Ill>  "^s  essentially  unchanged  over  this 
temperature  range.   Since  the  intensity  ratio  provides  information  about 
the  radial  position  of  the  myosin  "heads,"  these  observations  suggest  that 
calcium  causes  the  heads  to  move  toward  the  actin  filament,  and  that 
force  development  is  a  subsequent  process  with  a  very  high  temperature  co- 
efficient.  (Shapiro,  Tawada,  Podolsky) 

Interpretation  of  the  diffraction  patterns.   Equatorial  X-ray  reflections 
from  partially  activated  skeletal  muscle  were  examined  in  detail  to  see  how 
the  structural  changes  associated  with  force  generation  affect  the  diffraction 
pattern.   Various  isometric  force  levels  at  2-3°C  were  elicited  in  frog 
sartorius  muscle  by  means  of  rapidly  cooling  a  Ringer  solution  containing 
1.25-2.0  mM  caffeine.   Diffraction  patterns  were  recorded  during  contraction. 
A  direct  correlation  between  force  level  and  intensity  change  was  found.   The 
intensities  Iiq  ai^d  In  changed  in  a  reciprocal  way  throughout  the  entire 
force  range.   The  results  suggest  that  the  myosin  heads  primarily  remain  in  ^» 
the  resting  configuration  until,  through  the  addition  of  calcium,  binding  sit^^ 
are  made  available  on  the  actin  filament  and  the  heads  become  attached.   There- 
fore, the  structural  changes  associated  with  increasing  force  levels  appear 
to  reflect  titration  of  the  calcium  binding  sites.   Cooperative  movement 
of  myosin  heads  toward  the  actin  filaments  at  low  levels  of  calcium  is  absent. 
(Yu,  Hartt,  Podolsky) 
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Two  dimensional  X-ray  detector.   The  performance  of  a  new  position-sensitive 
X-ray  detector  for  use  in  the  study  of  the  X-ray  diffraction  pattern  from 
living  muscle  was  further  characterized.   Simultaneous  observations  of 
equatorial  and  meridional  diffraction  peaks  arising  from  frog  sartorius 
muscle  were  made  using  electronics  similar  to  that  used  by  a  single-wire 
detector.   (Sand,  Crist) 

Cross-bridge  force.   Several  recent  experiments  have  questioned  earlier  work 
which  suggested  that  a  muscle  cross-bridge  is  able  to  make  the  same  amount  of 
force  regardless  of  the  separation  between  the  actin  and  myosin  filaments. 
This  question  was  addressed  theoretically  by  Terrell  Hill  in  1970.   Since 
that  time  more  has  been  learned  about  cross-bridge  geometry  and  some  of  the 
factors  that  determine  cross-bridge  distribution.   This  additional  knowledge 
was  used  to  develop  equations  for  describing  the  way  in  which  the  three 
dimensional  orientation  of  the  cross-bridge  affects  its  behavior.   It  was 
found  that  the  cross-bridge  would  most  likely  produce  nearly  constant  force 
regardless  of  filament  separation.   This  is  a  useful  property  if  the  muscle 
is  to  operate  at  different  sarcomere  lengths.   (Schoenberg) 

Magnesium  and  the  contraction  kinetics.   In  order  to  avoid  artifacts  due  to 
diffusion  of  ATP  (and  ADP)  in  skinned  fibers,  a  technique  was  worked  out  for 
using  an  ATP  regenerating  system  in  contraction  kinetics  experiments  of 
skeletal  skinned  muscle.   Rabbit  (glycerinated  and  EGTA-skinned)  psoas  fibers 
were  found  to  show  a  large  elongation  phase  in  the  transient  before  attaining 
steady  shortening  speed.   The  elongation  phase  was  very  sensitive  to  changes 
in  solute  concentrations,  particularly  of  Mg"'"''  ion  (and  possibly  of  ADP), 
indicating  that  myosin  cross-bridge  attachment  to  and  detachment  from  actin 
produces  the  transient  phase.   The  lower  the  free  calcium  ion  concentration, 
the  slower  the  maximum  shortening  velocity  and  the  shorter  the  distance  of 
the  initial  rapid  shortening  phase  (before  the  elongation  phase)  in  the 
transient;  ionic  strength  has  no  effect  on  these  two  parameters.   Similar 
results  were  obtained  with  frog  skinned  fibers  when  the  ATP  regenerating 
system  was  used.   Since  the  solution  used  here  contains  500-700  uH   of  free 
Mg"*"*"  ion,  these  results  indicate  that  the  calcium  switch  (on  troponin)  does 
not  work  in  an  on-off  manner,  but  works  in  a  graded  manner  in  the  presence  of 
a  high  free-magnesium  concentration.   (Tawada) 

The  activation  mechanism.   Analysis  of  the  regulation  of  intracellular  calcium 
movements  was  extended  with  studies  designed  to  elucidate  the  site  and 
mechanism  of  action  of  "depolarization"  in  stimulating  calcium  release  from 
isolated  skinned  muscle  fibers.   The  main  results  were:   a)  The  transverse 
tubules  may  be  the  primary  site  of  depolarization  in  these  fibers,  as  in 
intact  fibers;  the  "depolarization"  stimulus  is  selectively  dependent  on  the 
structural  integrity  of  the  internal  membrane  systems,  compared  to  stimuli 
believed  to  act  directly  on  the  sarcoplasmic  reticulum.   In  fibers  stretched 
to  long  sarcomere  lengths,  stimulation  of  "^^Ca  efflux  by  "depolarization"  is 
strongly  inhibited,  while  stimulation  by  caffeine  or  very  low  free  (Mg"*"*")  is 
unimpaired.   Ancillary  experiments  support  the  concept  that  caffeine  and  low 
Mg  stimuli  act  directly  on  the  sarcoplasmic  reticulum;  e.g.  the  time  course  of 
stimulation  of  ^Ca  efflux  by  low  Mg  depends  on  Mg  reduction  in  a  sequestered 
compartment,   b)   With  newly  developed  methodology,  the  solvent  volume  for 
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radioactive  probe  molecules  in  skinned  fibers  can  be  determined  accurately;  ^^ 
the  distribution  volume  of  ^H-inulln  correlated  well  with  the  volume  pre-   ?■' 
dieted  from  fiber  dimensions.   These  determinations  are  fundamental  to  in- 
vestigation of  intracellular  ion  distributions  and  transmembrane  potentials, 
and  the  effect  of  depolarization  on  active  calcium  transport  by  the  sarco- 
plasmic reticulum.   (Stephenson) 

Cell  Membranes  _ 

f 

Phase  transitions  in  lipid  films.   Current  views  of  the  organization  of  lipids 

and  the  processes  which  lead  to  the  formation  of  lipid  structures  in  membranes 
have  been  examined  by  a  rigorous  analysis  of  the  phase  relations  of  phospho- 
lipid dispersions  in  water.   A  new  equilibrium  surface  phase  has  been  found 
for  lecithins:   the  bimolecular  surface  state.   It  is  formed  by  adsorption 
and  only  in  the  presence  of  bulk  lecithin  in  the  dispersion.   This  bilayer 
state  occurs  over  a  narrow  (5-10°)  temperature  range  and  at  a  temperature 
which  is  characteristic  of  the  lecithin.   Membranes  containing  lecithin  are 
almost  universally  believed  to  undergo  a  liquid  condensed  (LC) -liquid  expanded 
(LE)  phase  transition.   However,  it  has  been  demonstrated  that  lecithin  does 
not  form  the  LC  state  and  therefore  this  transformation  probably  does  not 
exist  in  cell  membranes.   Our  studies  indicate  that  one  of  the  phase  transi- 
tions is  likely  to  involve  a  monolayer  't-   bilayer  equilibrium  in  which  both 
phases  are  in  the  liquid  expanded  state.   (Gershfeld) 

Selective  phospholipid  adsorption  and  atherosclerosis .   Adsorption  studies  of 
phospholipids  indicate  that  fully  saturated  (disaturated)  lecithins  adsorb 
onto  solid  surfaces  in  preference  to  lecithins  in  which  one  or  both  fatty 
acids  are  unsaturated,   A  theory  based  on  these  adsorption  properties  predict^^ 
the  presence  of  atherosclerosis  when  disaturated  lecithin  levels  in  human    ^^ 
plasma  are  elevated.   Analysis  of  plasma  lecithins  from  patients  with  myo- 
cardial infarction,  and  from  patients  with  premature  atherosclerosis  but 
with  low  plasma  and  triglyceride  levels  supports  the  theory,  suggesting  that 
the  disaturated  lecithin  level  is  a  significant  risk  factor  for  atherosclero- 
sis.  (Gershfeld) 

Red  cell  membrane  and  cholesterol.   Studies  were  started  on  the  mechanism  of 
the  transfer  of  cholesterol  between  plasma  lipoproteins  and  erythrocytes. 
As  a  first  step,  a  method  for  the  replacement  of  almost  all  of  the  membrane 
cholesterol  by  labelled  cholesterol  was  developed,  and  the  equivalence  of 
the  labelled  and  native  cholesterol  was  demonstrated.   Also,  a  method  was 
developed  for  the  removal  of  up  to  77%  of  the  membrane  cholesterol,  which 
should  be  of  value  in  determining  the  function  of  this  material  in  the 
membrane.   Fluorescence  measurements  showed  that  the  mean  distance  between 
the  membrane  protein  and  lucensomysin,  a  molecule  which  would  be  expected  to 
accumulate  in  the  cholesterol-containing  regions  of  the  membrane  is  27  A. 
(Gottlieb) 
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Molecular  Weight  by  Radiation  Inactivation 

Molecular  weight  determination  by  the  radiation  inactivation  technique 
has  been  shown  to  yield  correct  values  for  the  size  of  the  functional  unit 
of  enzymes.   For  some  the  entire  molecule  is  required  while  other  enzymes 
need  only  a  single  subunit.   The  method  is  being  extended  to  multifunctional 
proteins  which  catalyze  several  different  reactions.   Impure  samples  of  the 
"arom  complex"  from  Euglena  gracilis  have  been  irradiated  and  the  third  and 
fourth  enzymes  in  the  shikimic  acid  pathway  were  measured.   The  target  size 
corresponds  to  one-half  the  reported  molecular  weight;  it  is  predicted 
that  the  complex  will  be  found  to  be  a  dimer  and  that  only  one  subunit  is 
needed  for  enzymatic  activity.   Other  polyenzymes  and  membrane-bound  enzymes 
are  under  study.   (Kempner) 

Morphogenesis 

Insect  metamorphosis.   Calliphorin  is  the  major  storage  protein  of  the  blue 
blowfly;  analogous  proteins  are  found  in  several  other  insects.   A  simplified 
procedure  for  the  routine  preparation  of  pure  calliphorin  from  larval  blowfly 
hemolymph  (blood)  has  been  perfected.   As  previously  noted,  pure  calliphorin 
in  solution  is  intrinsically  unstable,  but  can  be  kept  for  at  least  several 
weeks  in  70%  ammonium  sulfate  at  0°  without  evidence  of  breakdown. 

For  a  meaningful  study  of  calliphorin  distribution  in  the  growing  larva, 
knowledge  of  the  blood  volumes  were  required.   The  volumes  determined  by  a 
common  dye  dilution  procedure  proved  to  be  erroneously  high  when  re-determined 
by  the  use  of   C-inulin.   The  error  was  found  to  be  due  to  dye-binding  by 
certain  larval  organs.   About  95%  of  the  total  larval  calliphorin  content 
occurs  in  the  hemolymph  of  feeding  larvae.   Contrary  to  earlier  indications  in 
the  literature,  there  is  only  a  slow  decrease  in  calliphorin  titre  during 
adult  development  (metamorphosis)  but  a  very  rapid  decline  in  the  young  adult 
fly.   The  progressive  accumulation  in  post-feeding  larvae  of  salt-insoluble 
granules  containing  calliphorin  constitutes  a  continuing  technical  problem 
for  the  quantitative  analysis  which  has  not  yet  been  solved.   (Levenbook, 
Bauer) 

Human  red  cell  sickling.   Sickle  cell  disease  is  a  hereditary  hemolytic 
anemia  in  which  the  disease  process  is  well  understood  at  the  molecular  level: 
it  is  known  that  the  abnormality  lies  in  the  beta-6-glutamyl  which  is  sub- 
stituted by  a  hydrophobic  residue,  valyl  in  Hb  S,  an  abnormal  hemoglobin. 
Observations  reported  from  many  laboratories  are  consistent  with  an  aggrega- 
tion mechanism  due  to  hydrophobic  interactions  by  deoxy  Hb  S .   It  has  been 
found  that  both  aggregation  and  solubility  of  deoxy  Hb  S  are  inhibited  by 
inorganic  ions  in  the  order  of  the  classical  Hofmeister  series.   Upon  oxygena- 
tion Hb  S  polymers  are  depolymerized  exposing  electrically  charged  groups, 
thus  increasing  the  conductance  of  the  solution.   In  addition,  the  electric- 
ally charged  groups  give  rise  to  electrostriction,  which  may  cause  red  cells 
to  shrink  upon  "desickling"  and  increase  in  volume  upon  sickling.  (Murayama) 
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Bloluminescence 

Analysis  of  New  Guinea  records  has  provided  new  insights  on  pacemaker 
involvement  in  the  free  run  flashing  of  Pteroptyx  cribellata  and  artificial 
driving  of  the  flashing  of  P_.  cribellata  and  of  two  other,  rather  different, 
species.   The  work  has  illuminated  particularly  the  cycle-by-cycle  independ- 
ence of  both  spontaneous  and  driven  flashing  and  the  several  devices,  in- 
cluding reversion  to  free-run  flashing  and  abrogation  of  flashing,  by  which 
the  pacemaker  copes  with  entrainment  to  rhythms  markedly  shorter  than  or 
longer  than  free  run.   In  addition  Mrs.  Buck  and  Dr.  Lesley  Ballantyne  have 
a  paper  in  progress  on  a  remarkable  non-synchronizing  species  which  lives  in 
the  surf  zone.   (Buck) 
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Muscle  cells  are  activated  when  calcium  is  released  from  the  sarcoplasmic 
reticulum  into  the  myofilament  space.   The  processes  involved  in  this  intra- 


cellular calcium  movement  have  been  studied  by  measuring  isometric  force  and 
'^^Ca  fluxes  in  mechanically  skinned  fibers  from  frog  muscle.   The  structural 


changes  associated  with  the  transition  of  muscle  cells  from  one  physiological 
state  to  another  have  been  examined  by  X-ray  diffraction  techniques,  using 
radiation  from  conventional  rotating  anode  generators  and  synchrotrons  in 
conjunction  with  electronic,  position  sensitive.  X-ray  detectors.   The  rate 
constants  associated  with  the  turnover  of  actomvosin  cross-bridges  have  been 


studied  by  analyzing  the  contraction  kinetics  of  skinned  muscle  fibers  under 
controlled  chemical  conditions. 
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Project  Description: 
Objectives: 

1.  To  work  out  the  molecular  mechanism  of  muscular  contraction. 

2.  To  understand  the  control  processes  for  contractility. 

Methods  Employed: 

1.  Analysis  of  the  motion  and  the  X-ray  diffraction  pattern  of  both 
intact  muscle  fibers  and  "skinned"  fiber  segments  under  chemically  controlled 
conditions. 

2.  Study  of  the  electrical  and  chemical  parameters  involved  in  the 
activation  of  various  types  of  muscle  fibers. 

3.  Measurement  of  ionic  fluxes  across  the  internal  membranes  of  skinned 
muscle  fibers  under  various  conditions. 

Maj  or  Findings : 

1.  Equatorial  X-ray  reflections  were  obtained  from  partially  activated, 
intact,  frog  muscle  fibers.   A  direct  correlation  between  force  level  and 
intensity  change  was  found.   Analysis  of  this  relation  indicates  that  the 
myosin  "heads"  remain  in  the  resting  configuration  until,  through  the  action 
of  calcium,  binding  sites  are  made  available  on  the  actin  filament  and  the 
heads  become  attached.   Cooperative  movement  of  myosin  heads  toward  the 
actin  filaments  at  low  calcium  levels  is  absent. 

2.  X-ray  reflections  were  also  obtained  from  calcium  activated,  chemi- 
cally skinned,  rabbit  muscle  fibers  between  2  and  10°C.   Although  the  steady 
isometric  force  changed  four-fold  over  this  temperature  range,  the  intensity 
ratio,  Iio/Ill»  was  essentially  unchanged.   This  finding  shows  that  calcium 
causes  the  myosin  heads  to  move  toward  the  actin  filament,  and  that  force 
development  is  a  subsequent  process  with  a  large  temperature  coefficient. 

3.  The  spacing  between  the  myosin-containing  and  actin-containing  fila- 
ments decreases  about  10%  when  cross-bridges  are  formed  in  skinned  muscle 
fibers. 

4.  An  enzymatic  backup  system  was  developed  for  maintaining  ATP  and 
ADP  levels  in  glycerinated  and  EGTA-skinned  rabbit  muscle  fibers,  which 
eliminates  diffusion  artifacts.   At  physiological  magnesium  levels  the  con- 
traction kinetics  are  sensitive  to  the  calcium  ion  concentration.   Under 
these  conditions  the  calcium  switch  on  the  actin  filament  works  in  a  graded 
manner,  which  differs  from  the  all-or-none  behavior  seen  at  lower  magnesium 
levels. 

5.  Tracer  studies  of  the  intracellular  calcium  movements  in  skinned 
muscle  fibers  stretched  to  long  sarcomere  lengths  indicate  that  the  trans- 
verse tubules  (rather  than  the  sarcoplasmic  reticulum)  may  be  the  primary 
site  of  depolarization  in  skinned  fibers,  as  in  intact  fibers. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  elucidation  of  the  molecular  mechanism  of  muscular  contraction  to- 
gether with  the  chemistry  of  the  activation  process,  can  be  useful  in  the 
rational  handling  of  neuromuscular  and  cardiovascular  disease. 

Proposed  Course  of  Project: 

1.  The  influence  of  various  agents  (pCa,  pH,  ionic  strength,  metal  ions, 
ATP)  on  the  ability  of  muscle  fibers  to  develop  force  and  to  shorten  will  be 
examined  directly  in  skinned  fiber  segments. 

2.  The  influence  of  these  same  agents  on  myofilament  spacing  and  the 
cross-bridge  configuration  will  be  examined  in  skinned  fibers  by  X-ray  dif- 
fraction. 

3.  The  effect  of  motion  on  the  number  of  cross-bridges  in  intact, 
electrically-stimulated  muscle  fibers  will  be  studied  by  X-ray  diffraction. 

4.  Movement  of  calcium  and  magnesium  between  the  myofilament  space  and 
the  sarcoplasmic  reticulum  will  be  studied  by  tracer  methods. 

Publications: 

Stephenson,  E.  W.  :   Properties  of  chloride-stimulated  "^^Ca  flux  in 
skinned  muscle  fibers.   J.  Gen.  Physiol.  71:  411-430,  1978. 

1  I 
Stephenson,  E.  W. ,  and  Podolsky,  R.  J:   The  regulation  of  Ca   in 
skeletal  muscle.   Ann.  N.  Y.  Acad.  Sci.  307:  462-476,  1978. 

Reported  in  Press,  1977 

Podolsky,  R.  J.,  and  Stephenson,  E,  W. :   The  function  of  the  internal 
membrane  system  in  muscle  cells.   In  Rowland,  L.  P.  (Ed.):   Pathogenesis 
of  Human  Muscular  Dystrophies.   Amsterdam,  Excerpta  Medica,  1977, 
pp.  626-632. 

Yu,  L.  C. ,  Lymn,  R.  W. ,  and  Podolsky,  R.  J.:   Characterization  of  a 
non-indexible  equatorial  X-ray  reflection  from  frog  sartorius  muscle. 
J.  Mol.  Biol.  115:455-464,  1977. 
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Our  study  to  determine  the  mechanism  of  muscle  contraction  will  con- 
centrate upon  separating  sarcomere  motion  from  motion  at  the  ends  of  the 
muscle,  the  former  being  greatly  influenced  by  tendon  compliance.   In 
studying  this  we  will  make  use  of  optical  diffraction  techniques.   Feed- 
back  will  be  used  to  control  sarcomere  motion.   Stiffness  measurements 


based  upon  the  speed  of  propagation  of  small  mechanical  disturbances, 
will  be  used  as  a  measure  of  crossbrldge  interaction  during  isotonic 
shortening. 
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Projection  Description: 

Goal:   To  understand  the  molecular  and  structural  basis  of  muscular  con- 
traction. 

Methods  and  Major  Findings: 

1)  We  have  developed  the  appropriate  equations  for  describing  the  way  in 
which  the  three-dimensional  orientation  of  the  crossbridge  effects  its 
behavior.   An  important  variable  was  the  site  of  flexibility  within  the  S2 
portion  of  the  myosin  molecule.   For  the  most  likely  location  of  this  site, 
the  crossbridge  was  found  to  be  capable  of  producing  approximately  constant 
force  regardless  of  the  separation  between  the  actin  and  myosin  filaments. 
This  is  a  useful  property  if  the  muscle  is  to  operate  at  different  sarcomere 
lengths. 

2)  The  theoretical  relationship  between  the  recorded  sodium  current  and 
temperature  in  a  sheep  cardiac  Purkinje  fiber  was  explored.   The  theoretical 
results  suggested  that  earlier  measurements  of  the  sodium  current  which  were 
interpreted  to  imply  that  gNa  is  approximately  7  mmho/cm^  were  more  likely 
compatible  with  a  value  of  15-20  mmho/cm^.   This  newer  estimate  is  closer  in 
value  to  that  of  the  squid  axon  and  more  in  line  with  predictions  made  from 
our  earlier  work  on  measuring  the  liminal  length  for  excitation  in  a  Purkinje 
fiber. 

3)  Work  proceeded  towards  measuring  the  stiffness  of  a  single  fiber  using 
the  transmission  time  technique.   An  appropriate  prototype  force  transducer 
was  constructed  as  well  as  a  device  for  measuring  the  distribution  of 
sarcomere  lengths  in  order  to  ascertain  the  sarcomere  uniformity  in  our 
preparations. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Experiments  on  the  mechanism  of  muscular  contraction  are  significant  for 
two  reasons.   First  they  contribute  to  a  sound  understanding  of  how  normal 
muscle  works  (which  is  vital  to  any  study  of  diseased  muscle)  and  secondly, 
the  same  mechanisms  responsible  for  muscle  contraction  appear  to  be  common 
to  most  other  cells. 

Future  Course: 

Sarcomere  shortening  during  activation  makes  it  extremely  difficult  to 
study  the  activation  processes  themselves.   To  date  we  have  used  a  laser 
diffraction  light  position  sensor  to  record  the  sarcomere  shortening  that 
normally  exists.   We  intend  to  use  this  signal  as  a  feedback  signal  so  that 
we  can  prevent  any  sarcomere  shortening  by  compensatorily  pulling  on  the 
ends  of  the  muscle  with  a  motor.   We  have  been  prevented  from  doing  this  by 
the  non-uniformity  of  our  multifiber  preparations.   In  the  coming  year  we 
hope  to  develop  techniques  for  performing  these  measurements  on  the  more 
uniform  single  fiber  preparation. 
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has   Illuminated  particularly  the  cycle-bv-cvcle  independence  of  both 
spontaneous  and  driven   flashing  and  the  several   devices,   including 
reversion  to  free-run  flashing  and  abrogation  of  flashing,   hv  which 
the  pacemaker  copes  with  entrainment  to  rhvthms  markedly  shorter 
than  or  longer  than  free  run.      In  addition" ''rs.    Ruck  and  nr.   Leslev 
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Project  PescriptJon: 

Objectives: 

The  nrimary  objective  is  to  explore  the  neuroeffector  nechanisns  of 
pacemaker  control  of  flashing  and  eventually,  to  extend  the  findings 
to  control  of  rhythmic  and  synchronic  voluntary  muscular  activity  in 
man. 

Significance  to  .'II/VIDD  Research: 

Insofar  as  the  Institute  supports  attempts  to  broaden  our  understand- 
ing of  basic  biolonical  orocesses  it  is  hoped  tfiat  our  ',/ork  is 
appropriate. 

Proposed  Course  of  Project: 

[lo  major  ciianqe  anticipated. 

Publications: 

Buck,  John:  Functions  and  Evolutions  of  Hioluminescence.  (Chapter) 
In  Herring,  P.J.  (Ed.):  3ioluminescence  Today,  'lew  York,  Academic 
Press.  (In  Press). 

REPORTED  i::  PRESS  -  1977 

Buck,  J.  and  Buck,  E.:  Toward  a  functional  internretation  of 
synchronous  flashing  by  fireflies.  Am.  r[at.  112:  471-492. 
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SUMMARY  OF  *^OfiK  (200  *^orGs  or  less  -  underline  <evwords) 

Current  views  of  the  organization  of  lipids  and  Che  processes  which 
lead  to  the  formation  of  lipid  structures  in  membranes  have  been  examined  by  a 
rigorous  analysis  of  the  phase  relations  of  phospholipid  dispersions  in  water. 
A  new  equilibriiim  surface  phase  has  been  found  for  lecithins:   the  bimolecular 
surface  state.   It  is  formed  by  adsorption  and  only  in  the  presence  of  bulk 
lecithin  in  the  dispersion.   This  bilayer  state  occurs  over  a  narrow  (5-10°) 
temperature  range  and  at  a  temperature  which  is  characteristic  of  the 
lecithin.   Membranes  containing  lecithin  are  almost  universally  believed  to 
undergo  a  liquid  condensed  (LC)-liquid  expanded  (LE)  phase  transition.   How- 
ever, we  have  been  able  to  demonstrate  that  lecithin  does  not  form  the  LC 
state  and  therefore  this  transformation  probably  does  not  exist  in  cell  mem- 
branes.  Our  studies  indicate  that  one  of  the  phase  transitions  is  likely 
to  involve  a  monolayer  i  bilayer  equilibrium  in  which  both  phases  are  m  Che 
liauid  expanded  state. 
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Project  Description: 
Major  Findings: 
I,   Physico-chemical  properties  of  membrane  lipids. 

A.  Phase  transitions  in  lipid  films. 

A  number  of  condensed  surface  states  of  lipids  have  been  proposed 
as  structures  which  are  relevant  to  the  organization  of  lipids  in  cell  mem- 
branes.  Among  those  proposed  for  phospholipids  are  the  liquid  condensed 
(LC)  and  liquid  expanded  (LE)  surface  phases;  the  transition  between  these 
states  has  been  reported  to  occur  over  a  wide  range  of  temperatures  (ap- 
proximately 30°),  and  to  exhibit  a  critical  point.   However,  the  nature 
of  the  observed  transition  violates  the  Phase  Rule.   This  question  has  there- 
fore been  re-examined,  and  we  have  found  that  the  initial  observations  are 
characterized  by  arbitrary  metastable  states.   We  have  demonstrated  that 
the  liquid  condensed  state  for  lecithin  does  not  form  under  equilibrium 
conditions,  and  that  the  proposed  LC-LE  phase  transition  probably  does  not 
occur  with  phospholipids  in  cell  membranes.   However,  we  have  been  able 
to  demonstrate  that  the  LC-LE  transition  does  occur  with  simple  lipids  (fatty 
acids,  alcohols)  but  that  it  is  similar  to  melting,  occuring  at  a  unique 
temperature  characteristic  of  the  lipid  over  a  temperature  range  of  0.1-0.2°, 
rather  than  the  30°  range  reported  earlier  by  other  investigators. 

B.  Energetics  of  surface  bilayer  formation. 

Analysis  of  the  properties  of  lecithin  dispersions  has  led  to  the  find- 
ing of  a  new  surface  phase:   a  bimolecular  film  of  lecithin  at  the  air-water 
surface.   This  observation  has  been  shown  to  be  a  general  property  of  leci- 
thins, and  occurs  within  a  narrow  range  of  temperatures  which  are  character- 
istic of  the  lecithin  species.   The  heat  of  formation  from  bulk  liquid  crys- 
tal of  these  bilayer  films  has  been  measured  and  it  is  about  -10  kcal/mole. 
From  the  phase  relations  for  lecithin  dispersions,  it  is  predicted  that 
the  formation  of  a  discrete  bilayer  phase  in  the  dispersion  will  also  occur 
in  the  same  temperature  interval  that  the  surface  bilayer  is  formed. 

C.  Selective  phospholipid  adsorption  and  atherosclerosis. 

Adsorption  studies  of  phospholipids  indicate  that  fully  saturated 
(disaturated)  lecithins  adsorb  onto  solid  surfaces  in  preference  to  lecithins 
in  which  one  or  both  fatty  acids  are  unsaturated.   A  theory  based  on  these 
adsorption  properties  predicts  the  presence  of  atherosclerosis  when  disatura- 
ted lecithin  levels  in  human  plasma  are  elevated.   Analysis  of  plasma  leci- 
thins from  patients  with  myocardial  infarction,  and  from  patients  with 
premature  atherosclerosis  but  with  low  plasma  and  triglyceride  levels  supports 
the  theory,  suggesting  that  the  disaturated  lecithin  level  is  a  significant 
risk  factor  for  atherosclerosis. 
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Future  course  of  study: 

Other  phospholipids  will  be  studied  to  test  whether  they  too  form 
surface  bilayers.   Surface  bilayer  formation  will  be  studied  in  mixed  lipid 
systems  as  a  first  approximation  to  examine  the  relation  between  the  bulk 
lipid  dispersion  and  the  nature  of  the  surface  bilayer.   In  addition  these 
systems  will  be  analyzed  as  a  possible  model  for  the  control  of  lipid  in- 
corporation into  membranes. 

Publications: 

Gershfeld,  N.  L. :   Equilibrium  studies  of  lecithin-cholesterol  interactions. 
I.   Stoichiometrv  of  lecithin-cholesterol  complexes  in  bulk  systems.   Biophys. 
J.   22:   469-488',  1978. 

Tajima,  K.  and  Gershfeld,  N.  L.:   Equilibrium  studies  of  lecithin-choles- 
terol interactions.   II.  Phase  relations  in  surface  films:   analysis  of 
the  condensing  effect  of  cholesterol.   Biophys.  J_.   22:   489-500,  1978. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Studies  were  started  on  the  mechanism  of  the  transfer  of  cholesterol 
between  plasma  lipoproteins  and  erythrocytes.   As  a  first  step,  a  method 
for  the  replacement  of  almost  all  of  the  membrane  cholesterol  by  labelled 
cholesterol  was  developed,  and  the  equivalence  of  the  labelled 
and  native  cholesterol  was  demonstrated.   Also,  a  method  was  devel- 
oped for  the  removal  of  up  to  77%  of  the  membrane  cholesterol,  which  should 
be  of  value  in  determining  the  function  of  this  material  in  the  membrane. 
Fluorescence  measurements  showed  that  the  mean  distance  between  the  mem- 
brane protein  and  lucensomysin,  a  molecule  which  would  be  expected  to    o 
accumulate  in  the  cholesterol-containing  regions  of  the  membrane,  is  27  A. 
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Project  Description: 

Although  the  transport  of  lipids  to  and  from  the  body  tissues  is  one 
of  the  major  functions  of  the  plasma  lipoproteins,  little  is  known  of  the 
molecular  mechanisms  involved.   A  study  was  begun  of  the  kinetics  of  movement  ^ 
of  cholesterol  between  lipoproteins  and  erythrocytes  (considered  ^ 

to  be  prototype  tissue  cells).   An  in  vitro  method  for  incorporating  labelled 
cholesterol  into  erythrocyte  membranes  was  developed  for  this  purpose,  and 
the  equivalence  between  the  incorporated  and  native  cholesterol  was  tested. 
The  labelling  procedure  consists  of  first  incorporating  labelled  cholesterol 
into  HDL3 ,  a  plasma  lipoprotein,  by  shaking  the  HDL3  with  cholesterol  dis- 
persed on  diatomaceous  earth.   On  subsequent  incubation  of  this  labelled 
HDL3  with  erythrocytes,  up  to  80%  of  the  native  erythrocyte  cholesterol 
is  replaced  by  labelled  cholesterol.   The  validity  of  the  labelling  was  es- 
tablished by  the  similarities  of  the  reactivities  of  native  and  labelled  cho- 
lesterol in  several  respects:   non-reactivity  with  cholesterol  oxidase  in 
intact  erythrocytes,  rates  of  reaction  with  cholesterol  oxidase  in  erythrocyte 
ghosts,  rates  of  removal  by  cholesterol  depleted  plasma  lipoproteins  and  rates 
of  exchange  for  plasma  lipoprotein  cholesterol.   The  planned  kinetic  studies 
include  cholesterol  exchange  between  erythrocytes  and  various  normal,  abnormal, 
and  chemically  modified  plasma  lipoproteins.   In  addition  to  the  exchange 
studies,  the  demonstrated  valid  replacement  of  most  of  the  native  erythrocyte 
cholesterol  by  labelled  cholesterol  will  permit  NMR  studies  of  molecular  mo- 
tions in  ^^C  labelled  cholesterol  incorporated  into  erythrocytes.  ^f- 

w 

In  continuation  of  earlier  work  on  the  function  of  cholesterol  in  erythro- 
cyte membranes,  a  method  for  removal  of  up  to  77%  of  the  membrane  cholesterol 
with  no  extraneous,  cholesterol-unrelated  effects  on  the  membrane  was  develop- 
ed.  This  method  involves  extracting  erythrocytes  with  HDL3  x^7hich  has  had 
almost  all  of  its  cholesterol  esterified  in  a  preliminary  incubation  with 
the  plasma  enzyme,  lecithin-cholesterol  acyl  transferase.   The  ability  to 
remove  the  major  part  of  erythrocyte  cholesterol  should  be  particularly 
valuable  in  studies  of  those  membrane  processes  in  which  a  chemically  specific 
role  for  cholesterol  has  been  postulated. 

Visiting  Fellow  R.  Aoshima  continued  work  begun  last  year  on  fluores- 
cence resonance  energy  transfer  (R.E.T.)  in  erythrocyte  membranes.   In  simple 
systems  R.E.T. ,  which  is  the  transfer  of  fluorescence  excitation  energy 
from  a  donor  to  an  acceptor  group  with  appropriate  spectral  properties, 
permits  accurate  determination  of  the  distance  between  donor  and  acceptor. 
While  cell  membranes  are  too  complex  for  absolute  distance  determination, 
R.E.T.  measurements  should  be  capable  of  detecting  changes  in  membrane  struct- 
ure.  Erythrocyte  membranes  contain  only  one  potential  fluorescence  donor 
group,  the  tryptophanes  of  the  membrane  proteins,  and  contain  no  intrinsic      ^k 
acceptors  for  this  fluorescence.   A  search  for  acceptors  which  could  be        ^- 
incorporated  into  the  lipid  regions  of  the  membranes  and  thus  give  information 
on  protein-lipid  average  separation,  turned  up  only  two  substances  with 
the  appropriate  spectral  properties,  lucensomysin  and  anthracene.   The  first 
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of  these  is  known  to  complex  cholesterol  and  would  be  expected  to  accumulate 
in  the  cholesterol  containing  portions  of  the  membrane  lipid.   Anthracene 
would  be  expected  to  distribute  more  uniformly  through  the  lipid  regions 
of  the  membrane.   R.E.T.  was  found  to  occur  between  membrane  tryptophanes 
and  incorporated  lucensgmysin,  with  the  apparent  mean  distance  between  these 
groups  ranging  from  45  A,  at  low  lucensomysin  contents,  to  27  A  at  saturation 
uptake  (which  occurs  at  1:1  lucensomysin: cholesterol  content).   Reproducibility 
with  normal  erythrocytes  was  good,  while  cholesterol  depleted  cells  gave 
erratic  results.   Studies  are  in  progress  on  cells  with  incorporated  anthracene. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

(1)  A  new,  sinplified  routine  procedure  for  the  preparation  of 
blowfly  Calliphorin  has  been  perfected.   (2)  The  titers  of  calliphorin 
in  tne  larval  henolynph  (blood)  and  tissues,  in  whole  developing 
adults  during  metamorphosis  and  in  adult  flies  have  been  determined. 
(3)  Hemol^/Tiph  volumes  during  larval  growth  have  been  estimated 

by  C^'^-inulin  and  dye   injections.  The  latter  technique  has  been 
shown  to  yield  erroneously  high  values.   (4)  The  rates  of  labeled  amino 
acid  incorporation  into  newly  synthesized  protein  by  larval  fat  body 
in  vivo  as  a  function  of  larval  age  are  entirely  different  when 
^termned  for  the  entire  organ  as  opnosed  to  "per  mg  fat  body 
protein"  due  to  growth  of  the  fat  body. 
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Project  ^escrintion: 
Objectives: 

(1)  Perfection  of  a  routine  netliod  for  the  nrenaration  of  nuro  calliphorin. 

(2)  Determination  of  blooH  volures  of  blowfly  larvae  diirim  nrovth. 

(3)  Estimation  of  calliphorin  titres  in  the  blood  and  tissues  of  blowfly 
larvae,  and  of  entire  developing  adult  and  adult  flies. 

Methods  Employed: 

Routine  biochenical,  biological  and  imnunological  procedures. 

Major  Findings: 

A  simplified  procedure  for  the  routine  preparation  of  pure  calliphorin 
fron  larval  blovjfly  henolymph  (blood)  has  been  perfected.  As  previously 
noted,  pure  calliphorin  in  solution  is  intrinsically  unstable,  but  can  be 
kept  for  at  least  several  weeks  in  70%  amnoniiim  sulfate  at  0°  without 
evidence  of  breakdown. 

For  a  meaningful  study  o"  calliphorin  distribution  in  the  growing  larva, 
knowledge  of  the  blood  volumes  were  required.  The  volumes  determined  by  a 
common  dye  dilation  procedure  proved  to  be  erroneously  high  when  re- 
determined by  the  use  of  ^"^C-inulin.  The  error  was  found  to  be  due  to 
dye-binding  by  certain  larval  organs.  About  95"  of  the  total  larval 
calliphorin  content  occurrs  in  the  hemolynph  of  feedim  larvae.  Contrary 
to  earlier  indications  in  the  literature,  there  is  only  a  slow  decrease 
in  calliphorin  titre  during  adult  development  (metamorphosis)  but  a  very 
rapid  decline  in  the  ^'ounq  adult  fly.  The  progressive  accumulation  in  post- 
feeding  larvae  of  salt-insoluble  nranules  containing  calliphorin  constitutes 
a  continuing  technical  problem  for  the  quantitative  analysis  \;hich  has  not 
yet  been  solved. 

Expressed  on  a  "per  mg  protein  basis,"  the  rate  of  protein  synthesis  by 
the  larval  fat  body  progressively  declines  during  larval  nrowth.  However, 
when  the  rate  is  expressed  on  a  "per  organ"  basis,  entirely  different 
kinetics  are  observed. 

Significance  to  'IIAflDD  Research: 

Insect  metamorphosis  is  a  programmed  process  under  hormonal  control 
whicn  entails  the  decay  and  destruction  of  the  larval  cells  concomitantly 
with  the  differentiation  of  the  cells  and  structures  that  will  give  rise 
to  the  adult  insect.  The  greater  part  of  this  process  has  taken  place 
v;ithin  the  span  of  a  week.  This  telescoping  of  the  aning  and  development 
process  in  the  insect  night  be  expected  to  bring  forth  features  othenvise 
unobservable  in  tiie  corresponding  processes  of  man  and  mammals,  which  take 
place  in  a  much  more  expanded  time  scale.  In  particular,  the  study  of  the 
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fate  of  the  principal  soluble  larval  protein  refers  to  the  fate  of  an 
essential  component  of  the  developmental  machinery  and  its  products 
during  aging  and  development. 

Proposed  Course  of  Projects: 

Continuation  of  studies  on  structure  and  function  of  both  calliphorin 
and  of  storage  granules. 

Publications: 

Bauer,  A.  C,  Chrambach,  A.  and  Levenbook,  L. :  Molecular  forms  of 
four  aldolases  from  larval  and  adult  stages  of  the  blowfly/  Phormia 
reoina  (Meig.).  Insect  Biochem.  (In  Press). 

REPORTED  in  PRESS  -  1977 

Chen,  P.  S.,  Fales,  H.  "1.,  Levenbook,  L.,  Sokolski,  E.  A.  and  Yeh,  H.J.C.: 
Isolation  and  characterization  of  a  unique  galactoside  from  male 
Drosophila  melanogaster.  Biochemistry  16:  4080-4085,  1977. 

Levenbook,  L. ;  Analytical  Biochemistry  of  Insects  (book  reviov/)  Pesticide 
Biochem.  Physiol.  7:  539-590,  1977. 
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Project  Description: 

Objectives: 

Essentially  the  same  as  last  year;  however,  there  is  a  minor  addition:   / 
The  role  of  zinc  in  sickle  cell  disease  is  very  controversial.  Serum  zinc    '^ 
is  being  studied  by  an  atomic  absorption  spectrophotometry. 

Methods  Employed: 

Methods  are  essentially  the  same  as  last  year;  birefringence  of  sickled 
erythrocytes  are  observed  by  using  Dvorak  cell  and  recorded  on  a  video  tape. 

Major  Findings: 

Birefringence  is  lost  rapidly  by  sickled  erythrocytes  v/hen  they  are 
surrounded  by  ohysiological  saline  containinq  10  to  20  nillimolar  urea. 
Much  higher  concentration  (over  30  millimolar  of  "Peractitam,"  an  aceta- 
mide  of  garma-ami no-butyric  acid  which  contains  N-C-O-'IHo  group.) 

Radio-immune  assay  of  digoxin  confirmed  my  nrevious  findinns,  i.e., 
KCl  and  flaCl  had  little  effect  but  Br",  l",  and  SCM"  had  essentially 
doubled  the  assayable  (free)  digoxin,  indicating  that  hydrophobic  inter- 
actions between  serum  albumin  and  digoxin  could  be  weakened  according  to 
Hofmeister  series.  >i^ 

Cell  volume  increase  of  red  blood  cells  with  Hb  S  "sicklinq"  was  further 
investigated  and  it  appears  that  nonomeric  forms  ("desiclcled" )  shrink  due 
to  electrostriction  —  electrically  charged  groups  are  exposed. 

Our  cholesterol  acetyl  transferase  (CAT)  has  been  found  to  be  3  times 
the  normal  "normal"  value  and  heterozygotes  an  intermediate  value  for  this 
enzyme  activity.  This  is  an  attempt  to  assess  a  number  of  sickle  cell 
crises.  Sickle  cell  crisis  is  measured  by  pain,  which  is  very  subjective. 

Significance  to  fllA.'IDD  Research: 

Sickle  cell  anemia  is  a  hereditary,  hemolytic  anemia  —  an  inborn  error 
of  metabolism;  hence,  exceedimly  significant  to  the  NIAMDH  mission.  The 
molecular  basis  for  red  cells  (with  Hb  S)  "sickling"  is  because  nenetic 
interchange  of  a  polar  groun,  glutamyl,  is  substituted  by  a  hydrophobic 
residue,  valyl  at  beta  6.  This  hydrophobic  residue  is  so  situated  on  the 
surface  of  the  molecule  that  tetramer-tetramer  interaction  occurs  by  way 
of  hydrophobic  interactions;  this  has  been  confirmed  by  a  large  number 
of  investigators,  flurayama's  theory  has  been  tested  at  the  bedside  with      ^ 
success  in  Michigan  as  well  as  elsewhere  (Santiago,  Chile;  Morievideo, 
Uraguay;  Havana,  Cuba;  "lampona-Akwapim,  Ghana;  and  so  forth). 
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Proposed  Course  of  Project; 


The  t\/o  r.iain  courses  of  tlie  nroiect  gre  a  "co-factor"  of  ool.'.'nori- 

zation  of  lib  5  and  the  role  of  zinc  in  sickle  cell  disease.  Serum  zinc 

will  be  assayed  by  the  standard,  atomic  absorption  snectronhotometry; 

assay  method  for  a  "cn-factor"  still  needs  to  be  developed. 

Publications: 

none. 
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Studies  of  metabolic  pathways  in  axcnic  cultures  of  microorganisms 
are  continuing.  Tiie  relationships  between  biochemically  sequential 
reactions  are  being  examined. 
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Project  Description: 

Objectives: 

An  understanding  of  the  control  of  metabolic  activity  in  unicellular 
organisms. 

Methods  Employed: 

Culture  of  microorganisms  in  the  presence  of  radioactive  or  other  com- 
pounds; chemical  and  physical  fractionation  of  the  cellular  materials 
by  ultracentrifugation,  chromatography  and  chemical  extraction.  Micro- 
scopic examination  of  cells  by  time-laose  video  micrography.  Electronic 
measurement  of  cell  volume  distribution  and  analysis  in  terms  of  cell 
growth  and  age.  High  energy  radiation  inactivation  of  enzyniatically 
active  cell  extracts. 

Major  Findings: 

Interest  of  this  laboratory  has  been  in  the  subcellular  ornanization  of 
biochemical  processes.  The  localization  of  several  metabolic  oathways 
to  unique  organelles,  of  certain  sequential  enzyme  reactions  to  multi- 
functional enzyme  complexes  and  of  hormone  receptors  and  related  activi- 
ties to  membranes  are  well  known.  However,  detailed  study  of  these  is 
difficult  because  of  the  lability  of  the  structures.  Most  technics 
involve  ourification  procedures  which  damage  the  structures  to  be  studied. 
A  new  approach  is  needed  which  would  overcome  this  problem.  The  possi- 
bility of  utilizing  an  old  technic  of  radiation  inactivation  was  con- 
sidered. The  method  relies  on  analysis  of  the  loss  of  biochemical 
activity  after  exposure  to  ionizing  radiation;  it  has  the  advantages 
that  no  purification  is  required  and  also  that  only  ^ery   small  quantities 
of  experimental  material  are  needed. 

The  molecular  size  of  several  viruses  and  enzymes  detemined  by  this 
method  were  reported  twenty  years  ago.  Interest  in  this  method  was 
weak  since  many  of  the  reported  molecular  weights  (radiation  target 
sizes)  were  much  smaller  than  the  values  obtained  by  other  methods.  In 
the  intervening  years,  knowledge  of  enzyme  structure  has  advanced  con- 
siderably. Reexamination  of  the  old  radiation  values  shows  that  the 
target  sizes  correspond  either  to  the  whole  molecule  or  gave  accurate 
values  of  what  is  now  knov/n  to  be  the  subunit  size.  So  remarkable  is  the 
correspondence,  that  the  average  "error"  of  the  old  reported  radiation 
molecular  v/eights  for  34  different  enzymes  is  only  14"'..  The  most  severe 
limitation  of  the  method  is  the  inability  to  work  with  liquid  solutions 
of  enzymes.  Irradiation  of  lyophilized  or  dried  samples  was  required, 
and  a  distinct  temperature  dependence  of  radiation  sensitivity  was  found. 
Seven  enzymes  were  studied  and  all  showed  the  same  relative  sensitivity 
at  -100  C  and  +30  C,  leading  to  a  simple  temperature  correction  factor 
which  can  be  used  for  other  studies. 
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The  shikinic  acid  enz;;/r;ie  conplex  isolated  fron  F.unlena  ..racilis  renorte-i     ' 
last  year   'jas  found  to  withstand  lyophil  ization  v/ithout  loss  of  enzwiatic 
activity,  and  v/as  therefore  usable  for  radiation  inactivation  studies. 
Samples  were  exposed  to  high  energy  electrons  (from  a  linear  accelerator 
at  the  Armed  Forces  Radiobiology  Research  Institute)  at  both  room  tempera- 
ture and  at  -130  C.  Irradiated  samples  were  assayed  for  two  of  the  five    ^ 
different  enzymatic  activities  known  to  be  on  this  molecule.  The  same     C 
temperature  dependence  for  radiation  sensitivity  was  found  for  both  these 
enzymes  in  a  polyenzyme  complex  as  was  already  reported  for  the  simple 
enzyr.ies.  Target  analysis  of  radiation  inactivation  of  both  enzymes  led 
to  a  molecular  weight  of  140,000.  The  knov/n  size  of  the  complex  in  Euglena 
gracilis  is  260,000,  but  the  subunit  structure  is  not  known.  The  same  com- 
plex has  been  reported  in  Heurospora  to  have  a  molecular  weight  of  300,000, 
composed  of  tv/o  subunits  of  15''), 000  mw  each.  It  is  reasonable  to  assume 
that  Euglena  will  also  be  found  to  have  a  two-chain  structure;  the  radia- 
tion results  indicate  that  they  are  of  equal  size,  and  more  important,  each 
subunit  chain  is  independently  functional.  This  follows  from  the  fact  that 
the  diagnostic  measurement  for  the  radiation  method  is  enz^/matic  activity 
and  the  tectinic  yields  a  structural  size  for  the  functional  unit.  Other 
polyenzyme  complexes  are  currently  being  studied  by  this  method.  Investi- 
gations are  also  in  progress  concerninq  the  extension  of  this  procedure  to 
systems  which  cannot  be  lyophilized;  preliminary  results  sugnest  that  irrad- 
iation of  enzyr;ies  frozen  in  solution  is  feasible  and  that  a  similar  tempera- 
ture correction  factor  can  he  used  to  establish  the  correct  target  size.    ^' 
Other  projects  are  reporting  the  use  of  radiation  analysis  for  membrane-    \^- 
bound  enzwies  and  hormone  receptors.  The  resurrection  of  this  neglected 
research  tool  may  prove  to  be  a  valuable  asset  in  uncovering  the  function- 
structure  relationships  in  otherwise  inaccessible  cell  subunits. 

Publications: 

Shehata,  T.  E.  and  Kempner,  E.  S.:  Sequential  changes  in  cell  volume 
distribution  during  vitamin  B12  starvation  of  Euglena  gracilis.  J_. 
Bacteriol.  133:  396-398,  1978. 

Kabuto,  K. ,  Kempner,  E.  S.  and  Ziffer,  H.:  Product  stereochemistry 
in  the  microbiological  reduction  of  some  a-ketohydroaromatic  compounds. 
J_.  Org.  Chem.  In  press. 

REPORTED  IN  PRESS  -  1977 

Shehata,  T.  E.  and  Kempner,  E.  S.:  Growth  and  cell  volume  of  Euglena  ^ 
gracilis  in  different  media.  Applied  and  Environ.  ;1icrobiol .  33:     ^ 
874-877,  1977. 
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ANNUAL  REPORT  OF  THE 
LABORATORY  OF  BIOPHYSICAL  CHEMISTRY,  NIAMDD 

THE  STRUCTURE  AND  ACTION  OF  PROTEINS 

TRANSGLUTAMINASE :   Evidence  has  been  presented  to  show  that  transglutaminase 
is  involved  in  the  proliferation  of  malignant  tissue.   Intravenous  administra- 
tion of  purified  transglutaminase  into  mice  speeded  up  penetration  of  subcu- 
taneously  implanted  Lewis  lung  tumor  fourfold  into  the  lung. 

Studies  with  the  alkyl  isocyanates  showed  them  to  be  effective  inhibitors 
of  transglutaminase.   Experiments  with  BCNU  (1,3-B    [2-chloroethyl]-l-nitro 
sourea)  which  yields  chloroethyl  cyanate  suggest  that  inhibition  of  trans- 
glutaminase permits  the  cellular  immunity  to  come  into  operation  and  that 
in  this  operation  the  histocompatibility  complex  participates.   This  is  in 
line  with  current  concepts  which  maintain  that  killer  T  lymphocytes  eliminate 
syngenic,  cancer  antigen-containing  cells  in  cooperation  with  the  histo- 
compatibility complex.   In  this  context,  inhibition  of  transglutaminase  may 
be  viewed  as  permitting  the  H-2  antigen  to  associate  with  the  cancer  antigen 
so  that  the  cancer  cell  will  appear  "strange"  (altered  self)  to  the  T-cell 
system.   (Laki,  Sipka,  Csak,  Yancey). 

METHYLGLYOXAL :  The  interaction  of  polylysine  (PL)  with  polymerized  methyl- 
glyoxal  (MG)  was  studied  as  a  model  of  protein-MG  interaction.  It  is  proposed 
that  a  polymer  of  MG  and  PL  react  in  such  a  way  that  the  mobility  of  -a  and  -6 
carbon  atoms  is  modified.  A  chemical  interaction  may  be  proposed  but  the  fact 
that  the  compound  gives  an  EPR  signal  suggests  that  a  charge  transfer  compound 
is  formed  between  the  two  polymers.   (Laki,  Kertesz,  Szabo) . 

FIBRINOGEN  AND  FIBRIN: 

A.  Lamprey:   All  fibrinogens  studied  to  date  are  assumed  to  consist  of 
3  species  of  chains  with  die  formulation  [(A)a  ,  (B)3  ,72]-   Data  on  lamprey 
fibrinogen  lead  to  the  assumption  that  the  (A)a  chain  exists  as  a  single 
entity  and  that  lamprey  fibrinogen  is  formulated  [(A)a,  (B)e>2^y'y]-      This 
would  be  in  agreement  with  the  molecular  weight  determined  by  sedimentation- 
equilibrium:   350,000  to  360,000.   Structural  studies  were  initiated  to  more 
clearly  define  the  (A)a  chain.   The  lamprey  a-chain  is  not  cross-linked  via 
lamprey  Factor  XIII  to  a  higher  polymer.   The  A  (a)  chain  has  been  subjected 
to  cyanogen  bromide  cleavage  under  differing  conditions.   Resulting  fragments 
have  been  examined  by  gel  electrophoresis  and  isoelectric  focusing  on  gels. 
Sedimentation-equilibrium  studies  are  in  progress  with  lamprey  fibrinogen  to 
ascertain  if  (1)  complete  equilibrium  was  not  obtained  in  our  molecular 
weight  studies  in  6M  guanidine  and  (2)  if  the  remote  possibility  exists  that 
6M  guanidine  can  split  this  molecule.   (Gladner,  Chung,  Lewis). 

B.  Salmon:   A  usual  assumption  is  that  in  all  fibrinogens   the  A  (a) 
chains  pcssess  the  highest  molecular  weights,  while  the  y-chains  are  the 
smallest.   Experimental  results  on  salmon  fibrinogen  indicate  that  the  A(a) 
chains  are  smaller  than  the  (B)B.   Experiments  utilizing  the  incorporation 
of  dansyl  cadaverine  via  Factor  XIII  to  give  fluorescent  a-  and  y-chains 
should  give  more  conclusive  evidence.   (Gladner,  Murtaugh) . 


575 


C.  Laser  Light  Scattering  of  Fibrins:   Completely  cross-linked  fibrinjff^ 
i.e.,  Y-dimers  and  a-polymers,  constitute  the  most  "stabilized"  fibrin  clotl^ 
Laser  light  scattering  was  utilized  as  a  non-invasive  technique  to  examine  tue 
rigidity  of  cross-linked  fibrins.   This  technique  permits  the  non-perturbing 
examination  of  the  development  of  clot  strength  as  a  function  of  both  the 
qualitative  and  quanitative  aspects  of  intermolecular  cross-linking.   Initial 
results  are  in  sharp  contrast  to  the  current  theory.   The  onset  of  just  a 
small  percentage  of  cross-linked  y-chains  to  Y~dimers  was  sufficient  to  impa^ 
maximum  rigidity.   No  a-chain  cross-linking  could  be  detected  at  this  stage.^B 
"Clot  stabilization"  can  be  envisioned  by  2  different  criteria:   (1)  the 
actual  mechanical  strength  of  the  clot,  and  (2)  the  resistance  of  the  clot 

to  breakdown  by  fibrinolytic  processes.   (Nossal,  Gladner) . 

D.  Modified  by  Methylation:   Fibrinogen  modified  with  tri-methyl  oxonium 
ion  was  subjected  to  enzymatic  action  of  thrombin  for  various  time  intervals. 
The  rate  of  release  or  f ibrinopeptides  from  the  modified  fibrinogen  was  three 
to  four  times  slower  than  the  rate  of  release  of  the  peptides  from  fibrinogen. 
Data  collected  in  these  studies  implicate  the  involvement  of  the  carboxylate 
group  in  the  mechanism  of  action  of  thrombin  on  fibrinogen. 

The  electron  microscope  was  employed  to  investigate  the  polymerization  of 
methylated  fibrinogen.   (Osbahr) . 

E.  Modified  by  Citraconylation:   To  further  investigate  the  involvement 
of  negative  charge  as  the  directing  influence  for  thrombic  action  on  fibrin- 
ogen, the  lysine  residues  of  fibrinogen  were  modified  with  citraconic  anhydr^^'^.. 
When  compared  to  unmodified  fibrinogen,  the  rate  of  f ibrinopeptide  release  W^ 
was  increased  1.2  times  by  the  introduction  of  an  increased  negative  charge 
into  the  a  and  B  chains  of  fibrinogen.   The  B  peptide  from  the  modified 
fibrinogen  was  shown  to  be  citraconylated  at  its  lysine  residue,  thus  imposing 
an  additional  negative  charge  into  the  N-terminal  segment  of  the  6  chain  of 

the  fibrinogen.   These  results  further  support  the  mechanism  of  thrombin 
action  as  proceeding  through  the  cooperation  of  a  highly  negative  environment. 
(Osbahr) . 

HEMOGLOBIN: 

A.  Sickle-Cell:   Techniques  for  measuring  oxygen  saturation  and  aggrega- 
tion of  sickle-cell  hemoglobin  have  been  developed.   (Pumphrey,  Minton) . 

B.  Thermodynamic  and  Hydrodynamic  Properties:   The  hard-particle  model 
to  analyze  the  concentration  dependence  of  the  thermodynamic  properties  of 
hemoglobin  solutions  was  used  to  analyze  new  data  on  the  dependence  of  these 
properties  upon  temperature,  oxygen  saturation,  and  amino  acid  replacement  i^^ 
the  36  position.   It  was  found  that  to  within  the  (high)  precision  of  the  ^^J^ 
data,  the  non-ideal  behavior  may  be  taken  to  be  independent  of  the  above    '^ 
variables.   Literature  data  on  the  concentration  dependence  of  the  coefficient 
of  diffusion  of  hemoglobin  over  the  range  0-35  g/dl  were  analyzed.   It  was 
shown  that  this  dependence  could  be  quantitatively  described  by  an  extension 

of  the  hard  particle  model  for  hemoglobin  solutions.   (Minton,  Ross,  Briehl) . 

C.  Oxidation  of  Hemoglobin:   Studies  continued  on  the  oxidation  of    y^^ 
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hemoglobin  (saturated  with  air)  by  f erricyanide  and  hydroxylamine.   It  was 
found  that  mercuric  and  cupric  ions  had  little  effect  on  the  rate  of  oxidation 
by  ferricyamide  or  hydroxylamine.   (Simpson). 

BINDING  STUDIES  AND  PROTEIN  INTERACTIONS: 

A.  Model  systems  are  being  developed  and  studied  for  explaining  the 
cooperative  effects  present  in  the  sction  of  hemoglobin  and  in  the  interactions 
of  some  hormones  with  proteins  such  as  prealbumin.   (Saroff  and  CE  Branch). 

B.  The  binding  of  thyrotropin  to  micellar  suspensions  of  several  differ- 
ent gangliosides  has  been  studied  by  fluorescence  spectroscopy.   The  data 
obtained  were  analyzed  in  terms  of  single  and  multipe  binding  site  class 
models.   (Minton,  Kohn/LBP,  Consiglio/LBP) . 

C.  A  three-compartment  model  has  been  formulated  as  a  kinetic  mechanism 
for  the  observed  phenomenon  of  the  acceleration  of  the  dissociation  of  labeled 
hormone  from  a  binding  site  by  the  presence  of  an  excess  of  unlabeled  hormone. 
This  model  is  capable  of  simulating  results  which  have  been  previously  inter- 
preted as  arising  from  negative  cooperativity .   (Minton). 

D.  A  thermodynamic  model  has  been  developed  to  describe  the  precipitation 
of  proteins  from  solution  upon  addition  of  polyethylene  glycol.   The  model 
takes  into  account  both  repulsive  and  attractive  interactions  between  protein 
and  polymer.   (Minton). 

SLOW  DEGRADATION  OF  PROTEINS:   Sterile  solutions  of  proteins  yield  peptides 
and  amino  acids  on  standing.   Studies  are  being  done  on  solutions  of  hemoglobin, 
thyroglobulin,  immunoglobulin,  and  albumin  in  an  attempt  to  explain  the 
phenomenon  adequately.   It  is  proposed  that  some  of  the  observed  activity 
is  intrinsic  in  the  protein  itself.   (Saroff,  Warner,  Hartley/LNE) . 

UNIQUENESS  OF  PROTEIN  SEQUENCES:   Monte  Carlo  analyses  of  protein  sequences 
have  been  done  to  develop  the  concept  of  uniqueness  and  to  explore  some 
aspects  of  homology.   (Saroff,  Kabat/LBP,  Kutyna) . 


577 


SMITHSONIAN  SCIENCE 
PROJECT  NUMBER  (Oo  NOT 


INFORMATION  EXCHANGE 
this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  AM  31000-18  LBC 


f 


PERIOD  COVERED 

October  1,  1977  through  September  30,  1978 


TITLE  OF  PROJECT  (80  characters  or  less) 

Proteins,  enzymes  and  peptides  involved  in  blood  coagulation. 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI:      J.  A.  Gladner 
OTHER:    P.  A.  Murtaugh 


Sr.  Staff  Investigator 
Research  Chemist 


MAMW 


OTHER  COLLABORATOR:   R,  Nossal    Research  Biophysicist 


LBC 

LBC  NIAMDD 

DCRT 


COOPERATING  UNITS  (if  any) 

S  .  I .  Chung 
M.  S.  Lewis 


Senior  Investigator 
Senior  Investigator 


'B-NIDR 
BEIB-DRS 


lab/branch 

Laboratory  of   Biophysical   Chemistry 


f 


SECTION 

Macromolecules 


INSTITUTE   AND   LOCATION 
NIAMDD- LBC        NIH 


Bethesda.  Maryland   20014 


TOTAL  MANYEARS: 

3 


PROFESSIONAL: 

3 


OTHER: 


CHECK  APPROPRIATE  BOX(ES) 
D  (a)   HUMAN  SUBJECTS 

n  (al)  MINORS   □  (a2)  INTERVIEWS 


n  (b)  HUMAN  TISSUES 


(c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Extension  of  characterization  of  coagulation  factors  of  lamprey  blood. 
one  of  the  most  primitive  vertebrates,  was  performed.   The  subunits  of  lamprey 
fibrinogen,  especially  the  (A)a  chain,  was  examined  to  elucidate  its  structure 
Salmon  fibrinogen  and  fibrin  were  examined  to  determine  the  molecular  weights 
of  the  (A)a,  (B)P,  and  y   subunits.   Laser  light  scattering,  a  non- invasive 
technique  for  measuring  rigidity  of  soft  gels,  was  utilized  as  a  quantitati\ji 
procedure  to  correlate  the  change  of  rigidity  of  non-crossed  linked  and  cro0 
linked  fibrin  clots. 
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Project  Description: 


Objectives :  Major  reactions  leading  to  blood  coagulation  are  centered  on 
the  protein-protein  interactions  of  various  blood  and  plasma  factors.   Com- 
plete understanding  of  these  reactions  must  involve  elucidation  of  the  detailed 
structure  of  the  proteins  involved.   The  final  phase  of  blood  coagulation 
leads  to  formation  of  fibrin  by  the  action  of  thrombin,  followed  by  the  cross- 
linking  (ligation)  by  Factor  XIII  to  form  the  actual  physiological  "blood 
clot".   An  understanding  of  these  biomolecular  mechanisms  in  lower  vertebrates 
may  uncover  valuable  "clues"  which  may  be  utilized  to  practical  advantages 
in  the  case  of  clotting  disorders  in  man.   Additionally,  the  rigidity  (strength' 
of  fibrin  clots  are  the  ultimate  phase  in  determination  of  their  biophysical 
function.   Measurements  of  this  "phase"  can  be  critical  to  advance  coagula- 
tion knowledge. 

Methods :   Methodology  stresses  protein-enzyme  fractionation,  purifica- 
tion, and  stringent  characterization  of  all  experimentally  utilized  materials. 
Enzyme  mechanisms  play  a  major  role  in  these  investigations;  all  aspects  of 
such  are  employed.   All  methods  of  physical,  analytical  and  enzyme  biochemis- 
try are  utilized;  for  example,  gel  electrophoresis,  enzyme  kinetics,  radio- 
active incorporation  assays,  ultracentrifugation.  automatic  amino  acid  analysis, 
etc.   Where  needed,  new  methods  are  devised  and  utilized,  such  as  employment 
of  laser  light  scattering. 

Major  Findings:   Lamprey  fibrinogen:   As  stated  previously,  all  fibrin- 
ogens studied  to  date  are  assumed  to  consist  of  3  species  of  chains  with  the 
formulation  [  (A)a2,'  (B)  p2' "^2^  •   Where  accurate  data  exist,  the  molecular 
weights  of  the  higher  species  are  in  the  order  of  350.000  to  370,000  daltons. 
Lamprey  fibrinogen  via  extensive  sedimentation-equilibrium  studies  in  aqueous 
buffers  consistently  gave  352,000  ±  12.000  daltons  for  its  molecular  weight. 
On  polyacrylamide  gels,  the  reduced  fibrinogen  gave  molecular  weights  of 
110.000,  78.000  and  50,000  for  the  (A)a,  (B) p,  and  y   chains,  respectively. 
This  yields  a  molecular  weight  of  476,000  if  the  conventional  structure 
stated  above  were  employed.   The  reduced  and  alkylated  chains  also  show 
similar  molecular  weights  via  chromatography  on  columns  of  sepharose  in  6M 
guanidine  and  sedimentation-equilibrium.   It  is  our  assumption  that  the  (A)a 
chain  exists  as  a  single  entity  and  that  lamprey  fibrinogen  is  formulated 
[ (A)a,  (B)p2>Y2]-   This  would  be  in  agreement  with  the  molecular  weight  de- 
termined by  sedimentation-equilibrium:  350.000  to  360,000.   (Gladner,  Chung, 
Lewis)  . 

Structural  studies  were  initiated  to  more  clearly  define  the  (A)a  chain. 
The  lamprey  a-chain  is  not  cross-linked  via  lamprey  Factor  XIII  to  a  higher 
polymer.   Our  explanation  for  a  single  entity  is  based  on  the  assumption  that 
(1)  It  is  a  large  single  chain,  or  (2)  The  chain  is  actually  2  smaller  chains 
which  are  already  cross- linked  in  the  fibrinogen  molecule  via  ligands  which 
are  unidentified  to  date.   Amino  acid  analysis  of  the  (A)a-chain  showed  that 
it  contained  12  methionine  residues.   The  cyanogen  bromide  reaction  should  be 
able  to  cleave  at  each  of  these  residues.   Thus,  if  a  single  chain  exists, 
13  fragments  would  result.   If  2  smaller  but  equal  length  pre-cross-linked 
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chains  of  similar  sequence  constitute  the  chain,  then  7  fragments  should  r^ 
suit  because  of  6  Met  residues  in  each  chain.   The  A(a)  chain  has  been  sub\^ 
jected  to  cyanogen  bromide  cleavage  under  differing  conditions.   Resulting 
fragments  have  been  examined  by  gel  electrophoresis  and  isoelectric  focusing 
on  gels.   Presently  we  have  been  able  to  identify  at  least  10  different 
fragments.   These  experiments  are  under  intense  investigation  and  one  is  not 
prepared  to  make  a  positive  statement  concerning  the  structure.   (Gladner, 
Chung)  .  J' 

As  an  addition  to  the  above  experiments,  extensive  and  long  duration 
sedimentation-equilibrium  studies  are  in  progress  with  lamprey  fibrinogen  to 
ascertain  if  (1)  complete  equilibrium  was  not  obtained  in  our  molecular 
weight  studies  in  6M  guanidine  and  (2)  if  the  remote  possibility  exists  that 
6M  guanidine  can  split  this  molecule.   (Lewis,  Gladner) . 

Salmon  Fibrinogen:   Another  universal  assumption  is  that  in  all  fibrin- 
ogens the  A(a)  chains  possess  the  highest  molecular  weights,  while  the  y- 
chains  are  the  smallest.   Complete  cross-linking  of  fibrins  by  Factor  XIII 
yield  y-dimers  and  a- polymers;  the  P-chains  are  not  cross- linked .   These  re- 
actions are  easily  visualized  on  SDS-PAGE  gels.   In  salmon  cross-linking  stud- 
ies, it  appeared  that  the  uncross-linked  chain  might  be  the  a,  as  judged  by 
migration.   Another  possibility  is  that  the  a-chain  in  this  species  is  actually 
smaller  than  the  p.   This  has  already  been  reported  for  chicken  fibrinogen. 
We  have  investigated  this  by  utilizing  a  clotting  enzyme  from  southern  copper- 
head snake  venom  which  is  specific  for  removal  of  only  the  A-peptide  from 
fibrinogen.   The  resulting  des  A- fibrinogen  was  reduced  and  the  migration  c~ii . 
the  constituent  chains  studied  on  SDS-PAGE  gels.   The  experimental  results" 
strongly  indicate  that  the  A(a)  chains  are  smaller  than  the  (B)p.   Experiments 
utilizing  the  incorporation  of  dansyl  cadaverine  via  Factor  XIII  to  give 
fluorescent  a-  and  y-chains  should  give  more  conclusive  evidence.   (Gladner, 
Murtaugh) . 

Laser  Light  Scattering  of  Fibrins:   Completely  cross- linked  fibrins; 
i.e.,  Y-dimers  and  a-polymers,  constitute  the  most  "stabilized"  fibrin  clot. 
This  is  measured  by  its  insolubility  in  8M  urea  and  longer  solubilization 
times  when  hydrolyzed  by  fibrinolytic  enzymes,  such  as  plasmin.   These 
measurements  do  not  give  an  indication  of  the  actual  physical  strength  of  the 
fibrin  material.   Such  studies  have  been  reported  but  have  always  involved 
manipulation  by  mechanical  techniques  which  distort  the  fibrin  polymers.   Laser 
light  scattering  was  utilized  as  a  non-invasive  technique  to  examine  the 
rigidity  of  cross- linked  fibrins.   This  technique  permits  the  non-perturbing 
examination  of  the  development  of  clot  strength  as  a  function  of  both  the 
qualitative  and  quanitative  aspects  of  intermolecular  cross- linking .   Initial 
results  are  in  sharp  contrast  to  the  current  theory  of  clot  stabilization  a    ^ 
expressed  in  the  first  part  of  this  section.   The  onset  of  just  a  small  peil^ 
centage  of  cross- linked  y-chains  to  y-dimers  was  sufficient  to  impart  maximum 
rigidity  under  the  experimental  conditions  employed.   No  a-chain  cross-linking 
could  be  detected  at  this  stage.   "Clot  stabilization"  can  be  envisioned  by  2 
different  criteria:   (1)  the  actual  mechanical  strength  of  the  clot,  and  (2) 
the  resistance  of  the  clot  to  breakdown  by  fibrinolytic  processes.   These 


580 


ZOl  AM  31000-18  LBC 

studies  are  under  investigation  as  to  conditions  but  will  also  include  differ- 
ing species.   (Nossal,  Gladner) . 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Detailed  investigations  of  the  characterization  of  blood  coagulating  systems 
of  lower  species  may  yield  critical  reactions  and  anomalies  which  may  be 
masked  in  humans.   Malfunctions  or  genetic  throwbacks  in  human  blood  coagula- 
tion mechanisms  may  be  discernible  on  the  basis  of  these  studies.   Any  in- 
formation concerning  clot  formation  is  of  vital  importance  since  "heart 
attacks"  and  "strokes"  are  responsible  for  the  majority  of  fatalities  in  the 
United  States.   Correlation  of  mechanical  properties  of  fibrin  clots  to  bio- 
chemical properties  may  ultimately  be  of  great  value. 

Proposed  Course  of  Project:   Efforts  are  in  progress  to  further  continue 
the  projects  described  above.   A  study  of  various  coagulation  factors  from 
cellular  constituents  has  been  initiated. 

Publications:   None. 
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generalized  to  treat  the  concentration  dependence  of  the  diffusion  coefficient: 


of  hemoglobin  and  the  precipitation  of  proteins  by  polyethylene  glycol. 

Development  of  methods  for  measuring  the  oxygen  equilibrium  of  aggrega- 
ting solutions  of  sickle  hemoglobin  has  continued.  ^ 

Analyses  have  been  performed  of  the  equilibria  and  kinetics  of  hormone ^ 
binding  to  cell  surface  receptors  and  receptor  components. 
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Project  Description: 

Objectives : 

1.  To  explore  the  relationship  between  oxygen  binding  and  aggregation 
of  sickle  hemoglobin- 

2.  To  characterize  the  concentration-dependent  properties  of  solutions 
of  biological  molecules  in  terms  of  specific  (chemical)  and  non-specific 
(non- ideal)  interactions  between  solute  molecules. 

3.  To  develop  a  comprehensive  thermodynamic  and  kinetic  description  of 
the  binding  of  hormones  and  other  macromolecular  ligands  to  cell  surface 
receptors. 

Methods : 

Theoretical  studies  employ  methods  of  classical  and  statistical  thermo- 
dynamics together  with  computer  techniques  for  fitting  theoretical  model 
functions  to  experimental  data.   Experimental  studies  during  the  past  year 
have  utilized  techniques  of  dual-wavelength  spectrophotometry  and  precision 
gasometry  together  with  standard  preparative  and  analytical  techniques  of 
protein  chemistry. 

Major  Findings : 

1.  The  hard-particle  model  previously  used  to  analyze  the  concentration 
dependence  of  the  thermodynamic  properties  of  hemoglobin  solutions  (see  last 
year's  report)  was  used  to  analyze  new  data  on  the  dependence  of  these  prop- 
erties upon  temperature,  oxygen  saturation,  and  amino  acid  replacement  in  the 
P6  position.   It  was  found  that  to  within  the  (high)  precision  of  the  new  data, 
the  non- ideal  behavior  may  be  taken  to  be  independent  of  the  above  variables. 
This  finding  supports  our  hypothesis  that  under  the  appropriate  conditions, 
non-ideal  behavior  in  hemoglobin  solutions  reflects  the  mutual  impenetrability 
of  the  globular  protein  molecules  exclusively.   (Minton,  Ross,  Briehl) . 

2.  Literature  data  on  the  concentration  dependence  of  the  coefficient 
of  diffusion  of  hemoglobin  over  the  range  0-35  g/dl  were  analyzed.   It  was 
shown  that  this  dependence  could  be  quantitatively  described,  to  within  ex- 
perimental uncertainty,  by  a  one-parameter  semi-empirical  relation  based  upon 
an  extension  of  the  hard  particle  model  for  hemoglobin  solutions.   The  best- 
fit  value  of  the  single  parameter  was  found  to  agree  well  with  published  re- 
sults of  rigorous  hydrodynamic  calculations.   (Minton,  Ross). 

3.  Development  of  the  spectrophotometric  and  gasometric  methods  for 
measuring  the  oxygen  saturation  of  concentrated  solutions  of  normal  and  sickle 
hemoglobin  has  continued.   Progress  in  this  area  has  not  been  as  rapid  as 
hoped  due  to  the  successive  appearance  of  several  unanticipated  technical 
problems  which  have  required  considerable  ingenuity  and,  in  some  cases,  trial- 
and-error  experimentation  to  overcome.   However,  we  feel  that  we  have  finally 
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identified  and  satisfactorily  dealt  with  all  of  these  problems  and  are  presf 
ly  initiating  the  acquisition  of  data.   (Pumphrey,  Minton) . 

4.  A  simple  technique  for  measuring  the  dependence  of  the  tendency  of 
sickle  hemoglobin  to  aggregate  upon  oxygen  saturation  has  been  developed  and 
is  now  being  employed  in  an  experimental  study  of  this  phenomenon.   (Pumphrey, 
Minton)  .  JtT 

5.  A  thermodynamic  model  has  been  developed  to  describe  the  precipita- 
tion of  proteins  from  solution  upon  addition  of  polyethylene  glycol.   The 
model  takes  into  account  both  repulsive  and  attractive  interactions  between 
protein  and  polymer.   The  model  readily  simulates  several  experimental  obser- 
vations which  have  heretofore  had  no  physical  explanation.   (Minton). 

6.  In  collaboration  with  L.  D.  Kohn  and  E.  Consiglio  (NIAMDD-LBP),  the 
binding  of  thyrotropin  to  micellar  suspensions  of  several  different  ganglio- 
sides  has  been  studied  by  fluorescence  spectroscopy.   The  data  obtained  were 
analyzed  in  terms  of  single  and  multiple  binding  site  class  models.   In  the 
absence  of  salt,  a  single  site  class  model  seems  adequate  to  describe  the  data. 
The  binding  constants  for  G^,,  and  G   are  approximately  equal  and  that  of 

G_^^,  approximately  2.5  times  greater.  The  three  gangliosides  appear  to  induce 
distinctively  different  alterations  in  the  fluorescence  properties  of  the  TSH; 
these  are  attributed  to  distinctive  structural  perturbations.  In  the  presence 
of  salt,  anomalous  effects  are  observed  which  will  require  additional  data  for 
analysis.   (Minton).  ^ 

7.  A  three- compartment  model  has  been  formulated  as  a  kinetic  mechanism 
for  the  observed  phenomenon  of  the  acceleration  of  the  dissociation  of  labeled 
hormone  (or  other  macromolecular  ligand)  from  a  membrane  binding  site  by  the 
presence  of  an  excess  of  unlabeled  hormone.   This  model  is  capable  of  simula- 
ting several  results  reported  in  the  literature  which  have  been  previously 
interpreted  as  arising  from  negative  cooperativity .   (Minton) . 

Proposed  Course  of  Studies:   (To  be  undertaken  on  work /study  program  at 
the  Weizmann  Institute  of  Science,  Rehovoth,  Israel) , 

1.  Further  generalization  and  extension  of  hard  particle  models  to  deal 
with  problems  of  non- ideal  behavior  in  heterogeneous  systems.   (In  collabor- 
ation with  H.  Eisenberg) . 

2.  Measurement  and  analysis  of  binding  of  lectins  to  membrane -bound  and 
free  carbohydrates.   (In  collaboration  with  N.  Sharon). 

Significance  to  Biomedical  Research  and  Programs  of  the  Institute: 

The  hard  particle  model  for  protein  solutions  has  been  shown  to  provide 
an  exceptionally  simple  quantitative  description  of  the  concentration  depend- 
ence of  several  thermodynamic  and  hydrodynamic  properties  of  hemoglobin 
solutions  over  the  entire  experimentally  accessible  range  of  concentrations. 

^    \ 
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We  have  generalized  this  model  to  treat  random  coil  polymers  and  their  inter- 
actions with  globular  proteins,  providing  a  semiquantitative  description  of 
the  precipitation  (or  fractionation)  of  proteins  by  polyethylene  glycol. 

Heretofore,  the  mechanism  of  polymerization  and  depolymerization  of 
sickle  hemoglobin  has  been  studied  by  means  of  an  unphysiological  cycle  of 
heating  and  cooling  fully  deoxygenated  hemoglobin.   The  present  study  of 
oxygenation  in  aggregating  systems  represents  the  first  attempt  to  explore 
the  consequences  of  a  more  physiological  cycle  of  oxygenation  and  deoxygena- 
tion  at  constant  temperature  upon  the  state  of  sickle  hemoglobin  in  concen- 
trated solution. 

The  quantitative  thermodynamic  characterization  of  the  equilibria  and 
kinetics  of  binding  of  hormones  and  other  macromolecular  ligands  to  putative 
receptor  components,  both  in  solution  and  embedded  in  model  membranes,  is  an 
essential  first  step  toward  understanding  how  receptor  components  in  the  bio- 
membrane  interact  with  each  other  and  with  ligand. 

Publications : 

1.  Minton,  Allen  P.:   Analysis  of  oxygen  equilibria  in  synthetic  and 
natural  valence  hybrids:   Implications  for  models  of  heme-heme  interaction 

in  normal  hemoglobin.   In  Caughey,  W.  (Ed.),  Biochemical  and  Clinical  Aspects 
of  Hemoglobin  Abnormalities,  Academic  Press,  1978.   In  press. 

2.  Ross,  Philip  D.,  Briehl,  R.  W.,  and  Minton,  Allen  P.:   Temperature 
dependence  of  nonideality  in  concentrated  solutions  of  hemoglobin.   Biopoly- 
mers .   In  press. 

3.  Minton,  Allen  P.,  and  Ross,  Philip  D.:   On  the  concentration  depend- 
ence of  the  diffusion  coefficient  and  hemoglobin.   J.  Phvs.  Chem.   In  press. 
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SUMMARY  OF  ,;ORK  (200  words  or  less  -  underline  keywords)  The  interaction  of  thrombin  with 
methylated  fibrinogen  resulted  in  the  proteolytic  release  of  modified  fibrinopep- 


tides  at  a  slower  rate  than  fibrinopeptides  were  enzymatically  hydrolyzed  from  un- 


modified fibrinogen.   This  esterif ication  reduced  the  negative  charge  on  the 
fibrinogen  molecule  and  inhibited  the  subsequent  action  of  the  enzyme  thrombin. 
The  citraconylation  of  fibrinogen,  introducing  increasing  negative  charge  concur 
rent  with  the  reduction  of  positive  charge  through  modification  of  lysine  resii^ 
increased  the  rate  of  its  hydrolysis  by  thrombin.   These  results  support  our  pre/- 
posed  mechanism  of  thrombic  action  as  being  directed  by  a  highly  negative  environ^ 
ment  in  the  N-terminal  segments  of  the  a  and  P  chains  of  fibrinogen.   The  ultra- 


structure  of  the  methylated  fibrinogen  via  electron  microscopic  examination  su^ 


gests  that  extensive  methylation  produces  an  aggregated  protein  system  that  is  less 
highly  ordered  than  the  specific  carboxyl  group  modification  which  leads  to  a  ^ 
highly  ordered  polymerized  modified  fibrinogen  with  evidence  of  periodicity.   " 
fibrinopeptides  participate  in  hemostasis  via  a  process  of  vasoconstri ction  as 
examined  by  a  newly  developed  rat  tail  bleeding  assay.  Hydroxy lated  amino  _acid 
Residues  appear  to  be  involved  in  the  active  site  of  this  biological  activity.     | 
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Project  Description: 


Obiectives : 

Studies  are  in  progress  to  evaluate  the  structural  basis  for  the  physiol- 
ogical action  of  thrombin  on  fibrinogen  and  of  the  biological  activity  of  the 
f ibrinopeptides  released  from  fibrinogen  during  the  process  of  blood  coagulation 
The  present  study  deals  with  the  possible  role  of  the  f ibrinopeptides  in  the 
mechanism  of  hemostasis  and  the  involvement  of  vasoconstriction  as  a  mode  of 
action  whereby  this  event  would  decrease  the  flow  of  blood  and  effectively  pre- 
vent the  washing  away  of  a  partly  formed  clot. 

Chemical  modification  is  one  of  the  most  powerful  tools  to  probe  structure- 
function  relationships.   In  particular,  it  is  of  interest  to  study  group-spe- 
cific reagents  which  up  to  now  have  not  been  given  proper  consideration.   The 
carboxyl  group  has  been  overlooked  as  possibly  playing  a  vital  role  in  catalysis 
as  well  as  polymerization  of  proteins.   With  this  in  mind,  the  proteins  partici- 
pating in  clot  formation  were  modified  via  the  carboxyl  group.   The  chemical 
modification  of  various  amino  acid  residues  is  expected  to  increase  our  know- 
ledge and  understanding  of  the  mode  of  action  of  thrombin  on  fibrinogen  as  well 
as  the  mechanism  involved  in  the  polymerization  of  monomeric  fibrin  into  the 
fibrin  clot. 

Methods: 

The  peptide  structure  and  composition  were  analyzed  by  high  voltage  elec- 
trophoresis, liquid  column  chromatography  and  spectrophotometric  analysis. 
The  purity  of  the  protein  and  peptide  systems  was  evaluated  by  ultracentrifuga- 
tion,  regular  and  SDS  gel  electrophoresis,  thin  layer  chromatography  and  paper 
chromatography . 

Pjysiological  monitoring  was  performed  on  rats  by  means  of  intracarotid 
cannulation.   The  hemostatic  effect  was  followed  by  microscopic  visualization 
of  bleeding  arterioles  of  scarified  rat  tail. 

The  determination  of  "active  site"  structure  was  accomplished  by  the  use 
of  proteolytic  enzymes  and  chemical  N-terminal  and  C-terminal  methods. 

Modification  of  the  blood  clotting  proteins  was  accomplished  by  group 
specific  agents  designed  to  alter  the  charge  and  structure  of  designated  amino 
acid  residues.   The  extent  of  this  modification  was  monitored  by  established 
protein  and  peptide  methods,  such  as,  dansylation,  amino  acid  analysis,  and 
specific  amino  acid  procedures. 

Major  Findings  and  Proposed  Course  of  Study: 

Methylation  of  Fibrinogen:   Previously  bovine  fibrinogen  had  been  modified 
via  methylation  of  the  carboxyl  groups  of  aspartic  and  glutamic  acid.   The 
application  of  tri-methyl  oxonium  ion  resulted  in  polymerization  of  the  fibrin- 
ogen with  no  detectable  amounts  of  amino  acids  modified  with  the  exception  of 
aspartic  and  glutamic  acid.   This  modified  fibrinogen  was  purified  on  DEAE 
cellulose  and  three  distinct  methylated  fibrinogens  were  separated.   The 
modified  fibrinogens  contained  25,  68  and  118  methoxyl  groups  respectively. 
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These  modified  fibrinogens  were  subjected  to  enzymatic  action  of  thro" 
for  various  time  intervals.   A  sample  of  unmodified  fibrinogen  was  also  reacted 
with  thrombin  under  the  same  conditions  for  the  purpose  of  comparison.   After 
thrombin  action,  all  of  the  samples  were  deproteinized  and  separated  on  high 
voltage  paper  electrophoresis  pH  6.8.   In  each  case,  the  rate  of  release  of 
f ibrinopeptides  from  the  unmodified  fibrinogens  was  three  to  four  times  faster 
than  the  rate  of  release  of  the  peptides  from  methylated  fibrinogen.       ^ 

f  , 

The  fibrinopeptides  from  methylated  fibrinogen  were  separated  on  a  Dowex 

50  (X-2)  column  with  a  stepwise  gradient  of  0 . 3M  pyridine  formate  buffer 
from  pH  2  to  pH  8.5.   The  methylated  peptides  were  isolated  and  analyzed  for 
methoxyl  content.   Both  the  A  and  B  modified  fibrinopeptides  contained  4  to  5 
methoxyl  groups  corresponding  to  4  to  5  carboxylic  acid  groups  present  in  the 
peptides.   This  may  explain  the  resulting  inhibition  of  the  action  of  thrombin 
on  the  methylated  fibrinogen  as  compared  to  its  action  on  unmodified  fibrino- 
gen. 

It  is  now  reasonable  to  implicate  the  involvement  of  the  carboxylate  group 
in  the  mechanism  of  action  of  thrombin  on  fibrinogen.   From  the  above  evidence, 
it  is  possible  to  confirm  that  the  carboxylate  ions  in  the  N-terminal  portion 
of  the  fibrinopeptides  somehow  direct  or  participate  in  the  binding  of  thrombin 
to  the  f ibrinopeptide  portion  of  fibrinogen.   This  results  in  the  thrombin 
catalyzing  a  proteolytic  hydrolysis  of  an  arginyl-glycyl  boud  eight  or  nine 
residues  farther  down  the  a  and  P  chains  of  fibrinogen  with  the  simultaneous  ^ 
release  of  the  fibrinopeptide .   Upon  methylation  of  the  fibrinogen,  which  jf  " 
removes  or  reduces  this  negative  charge,  the  rate  of  thrombin  hydrolysis  o^ 
the  fibrinopeptides  from  fibrinogen  is  reduced,  thus  inhibiting  the  enzjrmatic 
activity  of  thrombin. 

Citraconylation  of  Fibrinogen:   In  order  to  further  investigate  the  in- 
volvement of  negative  charge,  as  the  directing  influence  for  thrombic  action 
on  fibrinogen,  the  lysine  residues  of  fibrinogen  were  modified  with  citraconic 
anhydride.   This  method  converts  the  previously  positive  charge  of  lysine  to  a 
modified  lysine  now  exhibiting  a  negative  charge.   It  is  anticipated  that  the 
introduction  of  additional  negative  charge  to  fibrinogen  will,  if  our  mechan- 
ism is  correct,  increase  the  enzymatic  proteolysis  of  the  citraconylated 
fibrinogen  by  the  action  of  thrombin.   Bovine  fibrinogen  was  modified  by 
citraconic  anhydride  and  the  modified  fibrinogen  was  separated  on  DEAE  cellu- 
lose.  Thrombin  was  added  to  the  purified  protein,  and  the  fibrinopeptide 
released  at  various  time  intervals  was  monitored  as  before  by  high  voltage  pa- 
per electrophoresis.   Again  unmodified  fibrinogen  was  subjected  to  thrombic 
action  under  the  same  conditions  for  comparison.   The  rate  of  fibrinopeptide 
release  was  increased  1.2  times  by  the  introduction  of  an  increased  negativ/' 
charge  into  the  a,   and  |3  chains  of  fibrinogen.   In  addition,  the  fibrinopep-lf-  >■ 
tides  from  the  modified  fibrinogen  were  separated  from  the  protein  and  purify" 
ied  on  a  column  of  Dowex  50  (X-2) .   The  separated  fibrinopeptides  were  analyzed 
by  the  trinitrobenzene  sulfonic  acid  reaction  for  the  presence  of  free  amino 
groups.   The  B  peptide  was  shown  to  be  citraconylated  at  its  lysine  residue, 
thus  imposing  an  additional  negative  charge  into  the  N-terminal  segment  of  the 
P  chain  of  the  fibrinogen.   Quantitation  of  the  fibrinopeptide  production  fd 
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modified  fibrinogen  indicated  that  B  peptide  production  as  a  function  of  time 
was  slightly  increased  over  that  obtained  from  unmodified  fibrinogen  where 
there  is  a  definite  lag  period  in  appearance  of  B  peptide  from  the  p-chain 
in  comparison  to  the  release  of  the  A  peptide  from  the  a-chain.   These  results 
further  support  the  mechanism  of  thrombin  action  as  proceeding  through  the 
cooperation  of  the  presence  of  a  highly  negative  structural  environment 
directing  and  possibly  providing  a  binding  site  for  thrombin  at  the  N-terminal 
segments  of  the  a  and  P  chains  of  fibrinogen. 

Experiments  are  also  in  progress  to  characterize  the  citraconylated  fibrin- 
ogen and  determine  its  functional  behavior  as  an  altered  protein  with  emphasis 
on  the  effect  induced  by  the  added  negative  charge  to  the  vital  function  of  the 
role  of  fibrinogen  in  hemostasia  via  polymerization. 

Ultrastructure  of  Methylated  Fibrinogen:   The  electron  microscope  was  em- 
ployed to  investigate  the  polymerization  of  methylated  fibrinogen.   This  pro- 
cess, which  resembles  the  physiological  clot  formation  generated  by  fibrin, 
was  compared  with  the  thrombin- induced  polymerization  of  fibrinogen.   Prelim- 
inary studies  indicate  that  modification  of  fibrinogen  via  methylation  by 
diazo  methane  or  thionyl  chloride,  which  methylated  not  only  carboxylic  resi- 
dues in  the  protein,  but  also  amino  and  hydroxyl  groups,  produced  a  polymer 
which  was  much  less  organized  structurally  than  the  physiological  fibrin  clot. 
However,  when  the  fibrinogen  molecule  was  esterified  with  dimethyl  sulfate, 
which  modified  primarily  aspartic  and  glutamic  acid  residues,  a  more  ordered 
structural  formation  of  the  polymer  resulted.   The  highly  ordered  structure 
of  the  thrombin-induced  fibrin  polymer  possesses  periodicity  and  evidence  of 
this  periodicity  was  present  in  the  esterified  fibrinogen.   This  evidence 
substaniates  our  previous  model  for  the  mechanism  of  physiological  clot  forma- 
tion.  Reduction  of  negative  charge  at  the  location  of  the  f ibrinopeptides  in 
the  a   and  P  chains  relieves  the  repulsion  which  prevents  the  fibrinogen  chains 
from  polymerizing  before  the  intervention  of  the  enzyme  thrombin  which  enables 
the  previously  unpolymerized  fibrinogen  to  aggregate.   Esterif ication  via 
methylation  was  able  to  accomplish  this  reduction  of  charge,  thereby  inducing 
aggregation  comparable  to  thrombin  action.   Apparently  agents  such  as  diazo 
methane  and  thionyl  chloride,  because  of  their  extensive  methylation,  somehow 
disrupt  or  interfere  with  the  molecular  interactions  that  generate  the  ordered 
ultrastructure  of  the  physiological  polymer  resulting  in  loss  of  periodicity. 

Fibrinopeptides  in  Hemostasis:   The  human  fibrinopeptide  which  appears  to 
participate  in  hemostasis  via  the  mechanism  of  vasoconstriction  was  examined 
in  the  rat  tail  bleeding  assay  and  was  less  active  than  the  bovine  fibrino- 
peptide under  the  same  conditions.   Structurally  the  human  peptide  resembles 
the  bovine  peptide  in  charge  distribution  in  its  N-terrainal  segment;  however, 
one  major  difference  is  the  presence  of  the  hydroxyl  amino  acid  serine  in 
human  fibrinopeptide  in  contrast  to  tyrosine  in  the  active  bovine  peptide. 
Apparently  the  structural  interactions  of  the  aromatic  hydroxylated  amino  acid 
are  more  effective  in  providing  an  environment  for  hemostasis. 

Significance  of  Biomedical  Research  and  the  Program  of  the  Institute: 

The  understanding  of  thrombus  formation  within  blood  vessels  is  one  of  the 
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most  important  accomplishments  we  can  hope  to  achieve  in  the  fight  to  prol» 
life.   The  undesirable  formation  of  clot  in  vessels  can  be  quite  destructiw 
to  vital  functions  when  not  called  upon  to  participate  in  hemostasis.   The 
modification  of  fibrinogen,  the  clottable  protein,  producing  a  nonenzymatic 
polymerization  may  serve  as  a  very  informative  model  for  the  investigation  of 
thrombin- induced  polymerization  of  fibrinogen,  as  well  as  possible  application 
in  our  ultimate  understanding  of  the  mechanism  of  clot  formation  in  the  ab- 
sence of  a  needed  hemostasis.  Modification  of  fibrinogen  resulting  in  its  m 
polymerization  may  well  suggest  a  possible  application  in  our  future  under-"'     ^ 
standing  of  clinically  undesirable  physiological  thrombus  formation  within 
blood  vessels.   This  is  a  vital  step  in  solving  the  "problems"  of  hemostasis. 

Our  studies  indicate  a  relationship  between  the  peptides  from  blood  clot- 
ting protein  fibrinogen  and  the  physiological  processes  in  blood  circulation. 
It  is  hoped  that  investigation  of  these  physiologically  active  peptides  may 
result  in  a  deeper  understanding  of  the  mechanisms  associated  with  hemostasis, 
vasoconstriction  and  blood  coagulation;  this  would  provide  clues  to  the 
etiology  of  certain  diseases  associated  with  high  blood  pressure  (hypertension), 
such  as  respiratory  distress  syndrome.   The  presence  of  f ibrinopeptides  may 
represent  a  possible  agent  for  such  vasoconstriction.   The  more  we  know  about 
the  physiological  activities  of  these  peptides,  the  easier  could  be  the  task 
of  sorting  out  some  lesser  known  mechanisms  involved  in  related  diseases. 

Proposed  Course  of  Project: 

Continued  efforts  will  be  conducted  to  further  investigate  the  modified^ 
fibrinogens  to  enable  us  to  utilize  them  as  models  to  increase  our  knowled;» 
of  the  mechanisms  involved  in  blood  coagulation,  hemostasis  and  vasoconstrix 
tion. 

The  structure  of  the  modified  fibrinogens  will  be  studied  employing  SDS 
gel  electrophoresis  to  characterize  the  effect  of  methylation  on  the  mechanism 
of  cross- linking  reactions  which  are  necessary  for  stabilization  of  the  clot 
formation  in  the  hemostatic  process 

Further  characterization  of  the  ultrastructure  of  the  methylated  fibrino- 
gen polymer  via  electron  microscopic  examination  will  be  extended  to  include 
the  study  of  the  effect  of  modification  on  the  periodicity  of  the  clot  forma- 
tion. 

Investigations  will  be  continued  and  extended  to  establish  the  role  of 
muscle  receptor  sites  in  the  mediation  of  the  fibrinopeptide  participation  in 
the  mechanism  of  hemostasis  via  the  process  of  vasoconstriction. 

Further  modification  of  specific  functional  groups  in  fibrinogen  and  tljB 
blood  clotting  enzyme  thrombin  will  be  explored  in  an  effort  to  gain  great^  _ 
insight  into  the  relationship  between  structure,  biological  activity  and 
enzymatic  specificity. 

The  modified  fibrinogens  will  also  be  investigated  with  reference  to 
their  stability  toward  plasmin  fibrinogeno lysis  and  what  effect  specific  ^    ^ 
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groups  have  on  altering  this  proteolytic  degradation. 

Publications : 

1.  Osbahr,  A,  J.:  The  effect  of  adrenergic  receptor  agents  on  the 
hemostatic  activity  of  bovine  f ibrinopeptide-B.  Thromb .  Haemostas.  In 
press . 
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SUMMARY  OF  WORK  (200  ^ords   or  less  -  underline  keywords) 

Cooperative  binding  systems  involving  aggregation,  redistribution,  subunit 
interactions  and  ligand  interactions  are  being  formulated  and  studied  in  hemo- 
globin and  other  proteins  related  to  hormone  action. 


I 


Slow  degradation  of  hemoglobin,  thyroglobulin,  immunoglobulins ,  and       ^ 
albumin  is  under  investigation  in  order  to  define  and  explain  the  phenomenon.  wL 

Monte  Carlo  analyses  are  done  to  yield  probabilities  for  uniqueness  and 
homology  of  amino  acid  sequences . 

Oxidation  of  hemoglobin  is  being  studied  using  ferricyanide,  hydroxylamine 
and  metals. 
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Project  Description: 

Objectives : 

The  main  objective  of  this  laboratory  is  an  elucidation  of  the  structure 
of  naturally  occurring  macromolecules  based  on  the  methods  of  physical  chemis- 
try.  Macromolecules  are  studied  primarily  in  solution  and  the  emphasis  is 
on  the  accumulation  of  data  on  the  state  of  the  molecule  with  respect  to  its 
environment.   Cross  features  of  structures  as  well  as  fine  detail  may  be 
observed  by  studies. 

Methods : 

In  our  studies  aimed  at  finer  details  of  protein  structure,  the  methods 
used  involve  the  measurements  of  the  binding  of  small  molecules  or  ions  to 
specific  sites  on  the  protein  molecules,  nuclear  magnetic  resonance  (on  model 
compounds,  so  far),  optical  rotatory  dispersion  measurements  and  other  spec- 
tral techniques.   For  other  properties  of  the  protein  molecules,  we  employ 
the  ultracentrifugal,  light  scattering,  electrophoretic  and  diffusion  tech- 
niques . 

Major  Findings  and  Proposed  Course  of  Studies: 

A.  Oxidation  of  Hemoglobin:   Studies  continued  on  the  oxidation  of 
hemoglobin  (saturated  with  air)  by  ferricyanide  and  hydroxylamine.   It  was 
found  that  mercuric  and  cupric  ions  had  little  effect  on  the  rate  of  oxida- 
tion by  ferricyamide  or  hydroxylamine.   Organic  phosphates  increased  the  rate 
of  oxidation.   Soon  after  this  finding,  however,  an  article  by  Tomoda,  et  al.  , 
J.  Biol.  Chem.  252,  6105  (1977),  showed  that  while  organic  phosphates 
increased  the  rate  of  oxidation  by  hydroxylamine  in  air,  they  decreased  the 
rate  of  oxidation  of  deoxyhemoglobin  by  hydroxylamine. 

Since  it  had  been  found  that  more  hydroxylamine  disappeared  during 
hemoglobin  oxidation  than  could  be  accounted  for  by  iron  oxidation,  attempts 
were  made  to  determine  whether  any  amino  acids  had  reacted  during  the  oxida- 
tion, but  no  significant  changes  in  composition  were  found. 

B.  Binding  Studies:   Model  systems  are  being  developed  and  studied 
for  explaining  the  cooperative  effects  present  in  the  action  of  hemoglobin 
and  in  the  interactions  of  some  hormones  with  proteins  such  as  prealbumin. 
(Saroff  and  C.  E.  Branch) 

C.  Slow  Degradation  of  Proteins:   Sterile  solutions  of  proteins  yield 
peptides  and  amino  acids  on  standing.   While  some  of  this  activity  derives 
from  small  amounts  of  contaminating  enzymes  it  is  difficult  to  rationalize 
the  data  solely  on  this  basis.   We  are  studying  solutions  of  hemoglobin, 
thyroglobulin,  immunoglobulin,  and  albumin  in  an  attempt  to  explain  the 
phenomenon  adequately.   We  propose  that  some  of  the  observed  activity  is 
intrinsic  in  the  protein  itself  resulting  in  a  slow  hydrolytic  process  very 
similar  to  that  occurring  with  very  low  concentrations  of  external  enzymes. 
(Saroff,  Warner,  Hartley/LNE) 
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D.  Uniqueness  of  Protein  Sequences:   Part  of  our  effort  in  studying  the — 
degradation  of  proteins  involves  the  question:   Is  it  possible  that  a  small 
fragment  (tri-or  tetrapeptide)  from  a  protein  might  have  the  ability  to 
identify  the  region  of  the  molecule  from  which  it  came?  A  Monte  Carlo  anal- 
ysis yielded  a  positive  answer  to  this  question  for  some  proteins.   The 
techniques  used  in  this  problem  were  applied  to  homology  in  protein  sequence^- 
(Saroff,  Kabat)  M 

^  1 
Significance  to  Biomedical  Research  and  the  Programs  of  the  Institute: 

Our  emphasis  is  on  the  relationship  between  chemical  properties  and  the 
structure  of  macromolecules .   Once  these  properties  are  properly  related,  the 
attack  on  the  relationship  between  structure  and  function  can  proceed  on  a 
solid  basis.   The  proteins  and  macromolecules  studied  are  either  enzymes  or 
those  of  interest  in  biological  systems.   Our  systems  are  highly  controlled 
with  reference  to  the  conditions  of  the  protein  environment  and  the  biomedi- 
cal significance  of  our  findings  derive  from  extrapolation  to  the  ciological 
system.   Studies  on  the  binding  properties  of  protein  systems  related  to 
certain  hormones  provide  insight  to  possible  modes  of  cooperative  effects  in 
hormone  action. 

Publications : 

1.  Saroff,  H.  A.:   Spontaneous  Degradation  of  Hemoglobin  and  Egg  Albu-^ 
min.   Arch.  Biochem.  Biophys.  183:   753-760,  1977.  |(P 

2.  Cheng,  S.-Y.,  Pages,  R.  A.,  Saroff,  H.  A.,  Edelhoch,  H.  and  Robbins, 
J, :   Analysis  of  Thyroid  Hormone  Binding  to  Human  Serum  Prealbumin  by  8- 
Anilinonaphthalene-1-sulfonate  Fluorescence.   Biochemistry  16:   3707-3713,  1977, 
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nitrosurea)  is  a  potent  transglutaminase  inhibitor. 
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Project  Description:  - 

Objectives : 

As  a  followup  on  our  earlier  research  showing  the  involvement  of  trans- 
glutaminase in  tumor  proliferation,  we  have  studied  the  inhibitory  action  of 
isocyanates.  /  m 

-  I 
Major  Findings  and  Proposed  Course  of  Study: 

Administration  of  the  cancerostatic  BCNU  (1, 3-Bis[2-chloroethyl]-l 
nitrosurea)  to  CDFi  mice  resulted  in  a  marked  decrease  of  transglutaminase 
activity  in  the  liver  and  spleen.   The  maximum  inhibition  (close  to  100%)  was 
found  2-4  hours  after  BCNU  treatment.   It  took  about  48  hours  for  the  enzyme 
activity  to  return  close  to  normal.   In  vitro  BCNU  is  a  powerful  inhibitor 
of  the  guinea  pig  liver  transglutaminase.   10|j.g  of  enzyme  was  completely   ^, 
inactivated  by  5iag  BCNU  in  our  test  system  using  Z-glutaminylglycine  and  C 
methylamine  as  substrates.   The  transglutaminase-inhibiting  action  of  BCNU  is 
undoubtedly  due  to  its  breakdown  products,  especially  to  isocyanate  deriva- 
tives.  In  our  experiments,  octyl  and  cyclohexyl  isocyanate  were  both  potent 
inhibitors  of  transglutaminase. 

Significance  of  Biomedical  Research  and  the  Program  of  the  Institute: 

Transglutaminase  seems  involved  in  tissue  proliferation;  the  inhibitor 
of  this  enzyme  could  shed  light  on  tumor  proliferation. 

Proposed  Course  of  Project: 

14 
We  are  labelling  the  active  site  of  transglutaminase  using  C   CCNU 

with  and  without  preincubation  with  cold  isocyanate. 
Publications: 

1.   Fesus,  L.,  and  Laki,  K. :   The  two  antigenic  sites  of  tissue  trans- 
glutaminase.  Biochemistry  16:  4061-4066,  1977. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Although  some  of  the  pieces  are  still  missing,  the  available  pieces  of 
the  mosaic  begin  to  fall  in  place  and  a  coherent  picture  is  emerging.   In 
this  picture,  the  Laki-Lorand  factor  (Factor  XIII)  and  tissue  transglutaminase 
occupy  a  central  position.   This  enzyme  is  responsible  for  carrying  out  the 
"masking"  process  by  attaching  proteins  to  the  histocompatibility  antigen  to 
the.  tumor  antigen.   Keeping  these  two  types  of  antigen  separated  in  space  or 
in  time,  their  joint  role  as  signals  for  the  T-lymphocytes  is  prevented. 
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Project  Description:  ^H 

Objectives: 

Our  starting  point  for  these  investigations  was  the  apparent  involvement 
of  the  enzyme,  transglutaminase,  in  wound  healing  and  the  similarity  of  tissue 
proliferation  in  wound  healing  to  malignant  proliferation. 

Major  Findings  and  Proposed  Course  of  Study:  *  ' 

In  previous  publications  we  presented  evidence  to  show  that  transglutam- 
inase is  involved  in  the  proliferation  of  malignant  tissue.   We  found,  e.g., 
that  intravenous  administration  of  purified  transglutaminase  into  mice  speeded 
up  penetration  of  subcutaneous ly  implanted  Lewis  lung  tumor  fourfold  into  the 
lung. 

The  similarity  between  malignant  and  normal  tissue  proliferation  is 
further  indicated  by  the  finding  that  during  healing  of  a  large  wound  and 
the  growth  of  implanted  tumor  in  animals,  results  in  a  decrease  of  Factor  XIII 
content.   This  is  also  true  for  human  leukemia.   These  observations  clearly 
show  the  involvement  of  transglutaminase  in  tissue  proliferation.   In  order 
to  get  closer  to  the  explanation,  we  used  inhibitors  of  transglutaminase  and 
implanted  tumors  in  inbred  strains  of  mice  for  our  approach. 

Alkyl  isocyanates  are  known  to  be  active-site  directed  inhibitors  of  ^_ 
transglutaminase  by  reacting  with  the  cysteine  residue  of  the  active  site.  ^K 
In  our  test  tube  experiments,  chloroethyl  isocyanate.  cyclohexyl  isocyanate, 
octyl  isocyanate  proved  to  be  effective  inhibitors.   We  found  that  such  a 
compound  BCNU,  (1, 3-Bis[2-chloroethyl]-l-nitrosurea),  is  an  effective  in- 
hibitor of  transglutaminase  in  vivo  and  _in  vitro  on  account  of  its  yielding 
chloroethyl  isocyanate.   BCNU  is  also  a  potent  cancerostatic  agent. 

In  our  experiments,  the  implanted  tumor  began  to  recede  days  after  BCNU 
has  already  been  eliminated  from  the  animals.   From  these  findings  we  concluded 
that  the  regression  of  the  tumor  is  not  a  direct  action  of  BCNU,  but  very 
likely  due  to  the  immune  defense  system.   Earlier  investigators  could  not  come 
to  such  a  conclusion  because  repeated  additions  of  BOOT  fitted  into  the  idea 
of  BCNU  being  cytotoxic  for  cancer  cells.   In  our  experiments,  the  regression 
of  the  tumor  in  syngenic,  as  well  as  allogenic  animals,  proceeded  with  the  same 
rate.   This  indicates  that  indeed  the  immune  system,  specifically  the  histo- 
compatibility complex,  (H-2),  is  involved  in  the  elimination  of  the  syngenic 
tumor . 

These  experiments  then  suggest  that  inhibition  of  transglutaminase  ^ 
permits  the  cellular  immunity  to  come  into  operation  and  that  in  this  operaW^'a 
the  histocompatibility  complex  participates.   This  is  in  line  with  current 
concepts  which  maintain  that  killer  T  lymphocytes  eliminate  syngenic,  cancer 
antigen-containing  cells  in  cooperation  with  the  histocompatibility  complex. 
In  this  context,  inhibition  of  transglutaminase  may  be  viewed  as  permitting 
the  H-2  antigen  to  associate  with  the  cancer  antigen  so  that  the  cancer  cell 
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will  appear  "strange"  (altered  self)  to  the  T-cell  system. 

Significance  of  Biomedical  Research  and  the  Program  of  this  Institute: 

It  seems  to  us  that  nitrosurea  or  other  compounds  that  would  yield 
alkyl  isocyanate.  more  specific  for  the  active  site  of  transglutaminase  than 
chloroethyl  isocyanate,  would  prove  to  be  a  powerful  tool  to  fight  cancer. 

Proposed  Course  of  Proiect: 

A  search  for  such  a  compound  is  in  progress  utilizing  in  vitro  experi- 
ments . 

Publications: 

1.   Laki,  K.,  Csako,  G.,  Yancey.  S.  T.,  and  Wilson,  E.  F.:   A  possible 
role  of  transglutaminase  in  tumor  growth  and  metastases.   In  Kaminer,  B. 
(Ed . ) :   Search  and  Discovery.  A  Tribute  to  Albert  Szent-Gyorgyi .   New  York, 
San  Francisco,  London,  Academic  Press.  1977,  pp.  303-312. 
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Project  Description: 

Objectives : 

The  interaction  of  polylysine  (PL)  with  methylglyoxal  (MG)  was  studied 
as  a  model  of  protein-MG  interaction. 

Major  Findings  and  Proposed  Course  of  Study: 

When  PL  of  a  MW  13,000  is  refluxed  in  methanol„with  MG,  a  brownish 
compound  is  formed  having  a  MW  of  about  22,000.   C   NMR  investigation  of 
this  material  revealed  the  following: 

The  characteristic  line  of  the  s-carbon  atom  remains  indicating  little 
or  no  reaction  taking  place  at  that  carbon  atom.   On  the  other  hand,  changes 
occur  in  the  characteristic  lines  of  the  a-  and  -P  carbon  atoms.   The 
characteristic  -CE„    line  of  MG  is  also  missing  which  is  an  indication  that 
an  MG  polymer  is  formed  involving  the  -CH3  group.   It  is  known  that  lysine 
catalyzes  such  a  polymerization  of  MG. 

These  and  other  observations  suggest  the  following  tentative  picture: 
A  polymer  of  MG  is  formed  of  about  the  size  of  PL  and  these  two  react  in 
such  a  way  that  the  mobility  of  -a.   and  -p  carbon  atoms  is  modified.   A 
chemical  interaction  may  be  proposed  but  the  fact  that  the  compound  gives 
an  EPR  signal  suggests  that  a  charge  transfer  compound  is  formed  between  the 
two  polymers. 

Significance  of  Biomedical  Research  and  the  Program  of  the  Institute: 

Methylglyoxal  is  present  in  every  cell;  therefore,  its  possible  inter- 
action with  proteins  and  enzymes  of  the  cell  is  an  important  study. 

Proposed  Course  of  Project: 

The  EPR  signal  given  by  the  PL-MG  complex  will  be  further  studied. 
Publications : 

None. 
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Annual  Report  of  the  Laboratory  of  Molecular  Biology- 
National  Institute  of  Arthritis,  Metabolism  and  Digestive  Diseases 

The  Laboratory  of  Molecular  Biology  has  as  its  principal  goal  the  under- 
standing of  biological  processes  at  the  molecular  level.   The  research  areas 
under  investigation  include  the  structures  and  chemical  properties  of  biolog-  ^f 
ically  important  materials.   These  involve  studies  of  the  organization  of  DNA W  , 
and  proteins  in  chromatin,  investigations  of  enzyme  and  immunoglobulin  struc- 
tures by  x-ray  diffraction,  investigation  of  polynucleotide  structure  by 
spectroscopic  and  diffraction  methods,  and  theoretical  studies  on  the  mechanism 
of  energy  conversion  in  biology,  muscle  contraction,  the  statistical  thermo- 
dynamics of  polynucleotide  -  complementary  monomer  interactions,  ion  transport 
and  biochemical  kinetics.   In  addition,  other  investigations  are  concerned 
directly  with  biological  processes.   These  include  the  mechanism  of  transforma- 
tion by  SV40 ,  the  investigation  of  hemoglobin  S  gelation,  genetic  recombination, 
DNA  synthesis  and  protein  synthesis.   Important  advances  have  been  made  in  these 
areas  during  this  year. 

Chromatin  Structure  and  Function 


During  the  past  year,  we  have  continued  our  investigation  of  the  struc- 
ture of  chromatin,  the  DNA-protein  complex  found  in  eukaryotic  nuclei.   We 
have  extended  our  study  of  the  arrangement  of  histones  and  the  folding  of 
DNA  in  the  chromatin  subunit,  the  nucleosorae. 


t 


We  find  that  nucleosomes  can  be  reconstituted  using  histone  H3  that  has 
been  dimerized  by  cross-linking  of  the  single  sulfhydryl  groups  of  the  cysteines 
at  position  110  of  the  H3  molecules.   The  physical  properties  of  such  nucleo- 
somes are  so  far  indistinguishable  from  those  observed  for  nucleosome  contain- 
ing reduced  H3  molecules.   If,  as  seems  likely,  the  nucleosome  has  a  dyad  axis, 
the  disulfide  bridge  must  lie  on  the  axis. 

Using  cloned,  sequenced  DNA  fragments  140  base  pairs  in  length,  we  have 
reconstituted  nucleosomes,  shown  that  a  well-defined  phased  complex  is 
obtained,  and  begun  to  examine  the  accessibility  of  the  individual  nucleotides 
in  the  complex  to  a  variety  of  chemical  probes.   In  the  course  of  our  studies 
of  nucleosome  structure,  we  have  also  become  interested  in  the  energetics  and 
topology  of  DNA  folding  and  supercoiling.   This  has  led  to  a  simple  model  of 
the  supercoiled  DNA  molecule,  which  is  a  useful  starting  point  for  predictions 
concerning  its  shape,  and  for  analysis  of  the  balance  of  forces  which  deter- 
mine this  shape. 

i 

We  also  have  continued  our  studies  of  transcriptionally  active  genes  in  ^' 
chromatin,  notably  the  globin  genes  of  avian  reticulocytes.   A  variety  of 
techniques  for  measuring  newly  synthesized  globin  mRNA  have  been  examined. 
We  have  developed  a  new  rapid  method  for  the  purification  of  closed  circular 
DNA  plasmids,  which  makes  possible  the  convenient  preparation  of  large  quan- 
tities of  cloned  DNA  containing  the  globin  gene  for  use  in  our  transcriptional, 
studies.  mm, 
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Three  Dimensional  Structures  of  Proteolytic  Enzymes. 

The  structure  refinement  of  the  acid  protease  from  R.  chinensis  has  been 
commenced.   During  much  of  this  year  a  major  effort  has  been  directed  toward 
implementation  of  a  molecular  modelling  program  on  the  DCRT  molecular  graphics 
system,  as  a  result  of  which  the  "Bilder"  program  from  MRC,  Cambridge  now 
exists  as  an  alternative  to  the  "Richards  Box"  technique  of  model  building. 
This  program  is  now  being  used  for  structure  refinement. 

The  refinement  of  Y-ch3rmotrypsin  has  been  carried  to^the  limit  of  our 
existing  techniques,  producing  an  R-factor  of  25%  for  1.9A  data. 

Immunoglobulin  Structure  and  Antibody-Antigen  Interaction 

The  complete  amino  acid  sequence  of  the  protein  Fab  McPC  603  (a  mouse 
IgACic))  has  become  available  to  us  during  this  year.   Consequently  steps  have 
been  taken  to  commence  the  crystallographic  refinement  of  the  structure.   The 
molecular  model  of  the  Fab  has  been  refitted  to  the  multiple  isomorphous 
derivative  map  using  the  computer  graphics  system  of  the  University  of  North 
Carolina.   The  coordinates  have  been  optimized  and  are  now  ready  for  refine- 
ment.  Data  have  been  collected  by  oscillation  camera  to  2.7A  in  order  to 
provide  a  higher  resolution  for  refinement. 

o 

The  6  A  analysis  of  the  immunoglobulin  Dob  has  been  completed,  revealing 
the  quaternary  structure  of  themolecule. 

The  galactan-binding  mouse  IgA  protein  J539  Fab  has  been  reanalyzed  using 
data  collected  some  years  ago.   The  application  of  the  map  search  program  has 
led  to  a  convincing  interpretation  of  the  existing  data  at  4.5  A  resolution. 

Structural  Studies  on  Polynucleotides 

The  aim  of  this  project  is  to  obtain  structural  information  on  polynucleo- 
tides and  to  provide  insights  into  the  factors  which  control  structure, 
principally  through  X-ray  fiber  diffraction  and  model  building  studies. 
Current  areas  include   1)  the  structure  of  poly  U  complexed  with  polyamines  or 
heavy  metals;   2)  attempting  to  determine  the  helical  parameters  of  DNA  in  free 
solution  by  diffraction  techniques. 

Mammalian  Enzymes  Involved  in  Repair  or  Replication  of  DNA 

The  aim  of  this  project  is  to  identify  and  characterize  enzymes  involved 
in  the  repair  and  replication  of  DNA  in  higher  organisms.   Currently  we  are 
1)   examining  the  ability  of  a  eukaryotic  DNA  ligase  to  seal  single  strand 
breaks  in  chromatin;   2)  characterizing  a  DNA  kinase  of  unusual  specificity 
also  from  eukaryotic  sources;   3)  examining  the  number  and  characteristics  of 
DNA  ligases  in  rat  liver;   4)  continuing  to  survey  eukaryotic  sources  for  a 
DNA  gyrase-like  activity. 

Alkali  Metal  Ion  Specificity  in  the  Solution  Ordering  of  5'-GMP  and  Poly (I) 

Formation  of  ordered  structures  by  5'-GMP  dianion  has  been  shown  by 
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nuclear  magnetic  resonance  to  be  strikingly  dependent  on  the  nature  of  the   flr 
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alkali  metal  counterion.   Na  ,  K  ,  and  Rb   can  direct  formation  of  different 
ordered  structures,  those  of  K  being  the  most  stable.   No  structures  are 
observed  with  Li  or  Cs  under  the  same  conditions.   The  observed  specificity 
can  be  explained  by  size-specific  liganding  to  carbonyl  oxygens  in  the  center 
of  the  ordered  structures  (in  collaboration  with  T.  J.  Pinnavaia,  Michigan 
State  University  and  E.  D.  Becker  and  C.  L.  Fisk,  Laboratory  of  Chemical 
Physics) . 

Formation  of  the  poly (I)  helix  shows  striking  dependence  upon  the 
nature  of  the  alkali  metal  ion.   Infrared  experiments  show  a  maior  stabi- 
lizing effect  of  K  compared  to  Na   (AT  =  30°) ,  whereas  the  Li   salt  does 
not  appear  to  form  a  regular  ordered  structure.   We  conclude  that  the 
specific  binding  sites  of  K  are  probably  the  interplanar  positions  in  the 
axial  hole  of  the  helix  and  that  the  K  -carbonyl  liganding  interaction 
markedly  stabilizes  the  structure.   These  studies  are  the  first  in  the 
nucleic  acid  field  to  show  major  specific  alkali  metal  ion  effects  on  forma- 
tion and  stability  of  ordered  structures. 

Infrared  Spectroscopy  of  Polynucleotides  in  the  Carbonyl  Region  in  H^O  Solution. 
A'U  Systems 

It  had  previously  not  been  possible  to  obseTve  infrared  spectra  in  H„0 
solution  in  the  carbonyl  region  because  of  strong  absorption  by  water.   We 
have  now  developed  reliable  methods  of  making  such  measurements  by  a  computer   . 
subtraction  method  and  by  solvent  dilution.   It  is  now  possible  to  observe    H 
the  NH„  bending  vibration  in  H„0  solution  and  the  effect  of  carbonyl  coupling  ^ 
to  the  NH  deformation. 

Copolymers  of  A  and  2-NH^A.   Stability  Relationships  of  helical  complexes. 
Interaction  of  electronic  transitions  observed  by  circular  dichroism. 

To  study  the  effect  of  hydrogen  bonding  on  properties  of  polynucleotide 
helices,  we  have  prepared  a  series  of  random  copolymers  containing  adenine 
and  2-aminoadenine.   The  stoichiometry ,  phase  diagrams,  and  spectroscopic 
properties  of  helical  complexes  formed  by  these  polymers  have  been  determined. 

Statistical  Thermodynamics  of  Polynucleotide  -  Complementary  Monomer 
Interactions 

A  binding  problem  has  been  studied  that  has  immediate  application  to 
muscle  biochemistry  and  possibly  future  application  to  binding  of  ligands 
on  polynucleotides.   This  is  the  problem  of  a  linear  array  of  binding  sites 
which  are  competed  for  by  a  monovalent  ligand  and  a  divalent  ligand.   In      ^ 
the  most  general  case,  there  are  nearest-neighbor  interactions,  though  in     ^.i 
the  muscle  problem  (myosin  fragments  bound  on  actin)  interactions  seem  to  be 
unimportant. 

Energy  Conversion  in  Biology,  Especially  Muscle  Contraction 

The  main  project  during  the  period  was  a  study  of  the  influence  of       ^^. 
nearest  neighbor  interactions  on  enzyme  kinetics.   From  the  point  of  view 
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of  statistical  physics,  this  work  is  an  extension  of  the  Ising  problem 
(lattice  of  f  state  interacting  units  at  equilibrium)  to  multi-state  units 
at  a  steady-state  arbitrarily  far  from  equilibrium.   Transients  can  also  be 
studied,  but  we  have  spent  little  time  on  this  aspect  so  far.   The  equilibrium 
problem  itself  is  famous  for  its  mathematical  difficulty.   Except  for  small 
systems  and  one-dimensional  special  cases,  we  have  been  forced  to  use  the 
Monte  Carlo  method  and  the  mean  field  (Bragg-Williams)  approximation  in  the 
steady-state  work.   Several  novel  critical  and  phase  transition  properties  have 
been  found  in  these  steady-state  systems.   The  behavior  of  the  enzyme  flux  is 
of  particular  interest. 

The  work  (above)  on  infinite  lattices  may  have  application  to  the  purple 
membrane  two-dimensional  lattice  (bacteriorhodopsin) ,  and  related  natural  and 
synthetic  enzyme  lattices  of  the  future.   Applications  to  current  biochemistry 
would  concern  small  enzyme  aggregates  or  complexes  in  which  enzyme  activity  of 
the  units  is  different  in  the  complex  and  in  their  monomeric  form.   This  latter 
topic  will  be  pursued  next  year  with  Dr.  Sidney  Bernhard  (Fogarty  Scholar). 

The  first  phase  of  a  four  year  project  on  muscle  modelling  (with  Evan 
Eisenberg)  is  now  completed  and  will  be  written  up  for  publication  soon.   We 
have  found  a  four-state,  single-site  model  that  represents  both  isometric 
transient  and  steady  contraction  data  very  well.   This  model  conforms,  more- 
over, with  current  thinking  on  the  biochemistry  and  kinetics  of  myosin-actin- 
ATP  systems  in  solution.   Howe.er,  it  is  only  a  first  step  toward  a  more 
complete  model. 

We  are  extending  our  previous  work  with  Britton  Chance  to  a  full  model  of 
the  respiratory  chain  enzymes  (four  isopotential  "pools"  with  a  "site  enzyme" 
between  each  pair  of  pools).   At  the  same  time,  we  are  including  transients 
as  well  as  steady-state  studies.   The  complexity  of  this  expanded  system 
requires  use  of  the  Monte  Carlo  method. 

Ion  Transport  Across  the  Nerve  Axon  Membrane 

Our  previous  work  was  concerned  with  the  formulation  of  a  unified  theory 
for  the  calculation  of  concentration  noise  power  spectrum  of  linear  as  well 
as  nonlinear  kinetic  systems.   In  our  current  work,  we  explore  possible  appli- 
cations of  this  general  formalism  to  chemical  and  biological  problems.   Two 
subjects  have  been  studied.   The  first  one  concerns  the  determination  of  the 
number  of  independent  variables  in  kinetic  systems.   In  general,  this  number 
is  equal  to  the  total  number  of  species  minus  the  number  of  independent 
conservation  relations  and  is  closely  related  to  the  number  of  independent 
elementary  reactions  in  the  system.   Thus,  a  knowledge  of  this  number  is 
essential  in  determining  the  mechanism  of  any  kinetic  system.   Since  it  is 
related  to  the  kinetic  property  of  the  system,  only  noise  measurements  can 
yield  this  number  (equilibrium  measurements  cannot) . 

The  second  subject  is  concerned  with  the  differentiation  of  equilibrium 
and  nonequilibrium  systems  using  noise  analysis.   A  nonequilibrium  steady- 
state  requires  energy  input,  while  equilibrium  systems  do  not.   Therefore,  in 
building  biological  models  it  is  important  to  know  whether  a  system  is  at 
equilibrium  or  not.   The  criterion  to  unambiguously  identify  certain 


605 


nonequilibrium  systems  is  the  "peaking"  or  the  "sharpening"  in  the  corner  JS"''  ,i 
frequency  region  of  the  auto  noise  power  spectrum  or  the  symmetry  of  the  "  - 
time  correlation  matrix  of  the  fluctuations. 

Thermodynamics  of  Enzyme-Ligand  Interactions 

The  enthalpy  change  for  the  oxidative  deamination  of  glutamate  by  NADP 
catalyzed  by  bovine  liver  glutamate  dehydrogenase  has  been  determined  calori-  ^r- 
metrically.   The  AH°  values  are  64.6  ±  1.2  kJ/mol  and  70,3  ±  1.2  kJ/mol  at  25^ 
and  35°C  respectively.   The  equilibrium  constants  for  the  reaction  at  the  two 
temperatures  were  determined  spectrophotometrically . 

The  thermodynamic  parameters,  AG,  AH,  and  AS,  characterizing  the  tight 
binding  of  methotrexate,  folates  and  pyridine  nucleotides  to  chicken  liver 
dihydrof olate  reductase  have  been  determined  from  calorimetric  and  fluores- 
cence measurements.   In  addition,  the  enthalpy  of  methotrexate-enzyme  inter- 
action demonstrates  a  proton  transfer  associated  with  binding;  this  is  not  the 
case  with  folate  and  dihydrof olate ,  thus  confirming  the  conclusions  drawn  from 
the  observed  difference  spectra  characteristic  of  the  interaction  of  metho- 
trexate and  substrates  with  the  enzyme. 

The  thermodynamic  parameters  for  the  binding  of  NAD  ,  NADH,  ADP-ribose 
and  5-iodosalicylate  to  some  selected  dehydrogenases  were  determined  calori- 
metrically  at  pH  7.6  and  25°.   The  thermodynamic  parameters  for  the  binding 
of  NAD"^  and  NADH  to  all  the  enzymes  are  strikingly  similar  reflecting  a 
possible  extension  of  the  structure-function  correlation  to  the  thermodynamics^^''' 
of  binding  coenzymes  and  coenzyme  fragments  as  well.   The  binding  of  the      ^•'■ 
inhibitor,  5-iodosalicylate  suggests  a  possible  diversity  in  the  composition 
of  the  hydrophobic  pocket. 

Genetics  and  Structure  of  the  Oncogenic  Virus,  SV40 

We  have  been  working  on  the  molecular  basis  of  transformation  by  Simian 
virus  40.   We  have  confirmed  that  viable  deletion  mutants  which  produce  no 
little  t_  antigen  are  defective  in  transformation  when  confluent  cells  are 
treated  with  virus.   On  the  other  hand  transf ormants  produced  in  rapidly 
growing  cells  and  selected  either  by  their  ability  to  form  foci  on  plastic 
or  to  grow  in  soft  agar  are  indistinguishable  from  wild-type  transf ormants . 
It  has  recently  been  demonstrated  that  SV40  can  cause  transformation  in  two 
ways,  distinguishable  only  when  the  virus  contains  a  temperature-sensitive 
mutation  in  the  big  T  antigen.   We  have  therefore  constructed  temperature 
sensitive  mutants  which  also  contain  viable  deletions  and  are  currently 
characterizing  cell  lines  transformed  by  these  double  mutants.   A  working 
model  has  been  devised. 
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Novel  Recombination  Systems 


The  Tn9  transposon  has  the  structure  ISl-cam-ISl  when  present  on  bacterio- 
phage X,  our  genetic  evidence  indicates  that  the  X    itself  is  rendered  trans- 
posable.   Structural  studies  are  in  progress  to  determine  whether  this  "X 
transposon"  utilizes  the  ISl  elements  for  transposition.  i^K. 
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Replication  of  Colicln  El  Plasmld  DNA 

Replication  of  closed-circular  colicin  El  plasmid  (Col  El)  DNA  can  be 
initiated  and  completed  in  extracts  of  Escherichia  coli.   Replication  of 
the  plasmid  DNA  depends  entirely  on  the  host  functions  and  no  plasmid  en- 
coded proteins  are  required.   A  fragment  (6S  L-fragment)  which  has  a  sedi- 
mentation constant  of  approximately  6  S  is  first  synthesized  from  a  speci- 
fic region  on  the  H-strand.   We  fractionated  active  components  (for  syn- 
thesis of  6S  L-fragments)  in  the  cells  extract.   It  was  found  that  RNase  H 
is  required  in  addition  to  RNA  polymerase  and  DNA  polymerase  I.   Without 
the  addition  of  RNase  H  some  nonspecific  DNA  synthesis  was  observed  on  the 
plasmid  DNA.   However,  for  specific  initiation,  RNase  H  is  essential. 
Subsequent  synthesis  after  the  synthesis  of  6S  L-fragments  is  carried  out 
by  an  entirely  different  mechanism  from  that  for  the  synthesis  of  the  first 
fragments.   This  second  stage  synthesis  does  not  require  RNA  polymerase 
but  requires  various  other  E^.  coli  functions.   Those  functions  include 
dnaB,  dnaC  proteins. 

Col  El  DNA  synthesis  in  cell  extracts  is  inhibited  by  novobiocin  and 
nalidixilic  acid.   Both  of  these  chemicals  are  shown  to  be  specific  in- 
hititors  of  DNA  gyrase.   Col  El  DNA  has  a  limited  number  of  sites  where  the 
DNA  is  cleaved  by  DNA  gyrase  at  a  defined  condition. 

A  fine  restriction  enzyme  map  of  Col  El  DNA  was  made  and  nucleotide 
sequences  of  about  2000  base  pairs  were  determined. 

Plasmids  containing  a  minimum  amount  of  Col  El  DNA  have  been  con- 
structed.  The  results  obtained  with  these  plasmids  show  that  a  region  of 
about  600  base  pairs  is  essential  for  replication  and  maintenance  of  Col 
El  plasmid. 

Plasmids  which  contain  both  the  origin  of  replication  of  E^.  coli 
chromosome  and  that  of  Col  El  plasmid  have  been  constructed.   These  plasmids 
should  be  useful  for  elucidating  the  mechanisms  of  replication  of  E^.  coli 
chromosome. 

A  method  to  detect  methylated  cytosine  in  a  DNA  sequence  was  developed. 

Study  of  Functions  Involved  in  Genetic  Recombination 

DNA  Gyrase  -  DNA  gyrase,  the  enzyme  that  is  responsible  for  DNA  super- 
coiling  in  prokaryotes,  was  discovered  in  this  laboratory  two  years  ago.   The 
enzyme  has  now  been  purified  to  homogeneity  from  E_^  Coli.   As  predicted  from 
genetic  studies,  the  enzyme  is  made  up  of  two  different  subunits,  the  products 
of  the  genes  for  oxolinic  acid  resistance  (nalA)  and  coumermycin  resistance 
(cou) .   The  DNA-relaxing  activity  of  the  enzyme  is  specifically  inhibited  by 
oxolinic  acid,  while  the  ATP  hydrolysis  coupled  to  the  supercoiling  reaction 
is  inhibited  by  coumermycin.   Thus  the  Cou  subunit  appears  to  be  responsible 
for  energy  transduction,  while  the  Nal  subunit  supplies  the  necessary  nicking- 
closing  function. 
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Specialized  Recombination  in  Bacteria  -  IS  elements  and  transposons  are 
discrete  DNA  sequences  which  participate  in  several  unique  recombination     hv 
events,  including  transposition,  inversion,  and  deletion  formation.   These 
chromosomal  rearrangement  events  do  not  require  DNA  sequence  homology  and,  in 
E.  coli,  can  occur  in  the  absence  of  the  major  recombination  system  (recA)  of 
the  cell.   We  have  shown  that  a  sequence  termed  y5    is  an  IS  element  in  that  it 
can  be  shown  to  transpose  from  one  plasmid  (F)  to  another  (pBR322) .  y6    is  a 
sequence  component  of  the  wild-type  F  plasmid  and  can  participate  in  other 
specialized  recombination  events  such  as  F  integration  and  excision.   We  are 
currently  engaged  in  developing  appropriate  assay  systems  which  will  allow  us 
to  study  the  genetics  of  specialized  recombination  using  yS   as  a  model. 

Structural  Features  of  mRNA  and  Their  Influence  on  Translation 

The  aim  of  this  project  is  to  determine  the  influence  of  specific  struc- 
tural features  of  the  5 '-terminal  portion  of  eukaryotic  mRNA  on  initiation  of 
protein  synthesis  in  vitro.   By  comparing  the  ribosome-binding  efficiencies 
of  mRNA's  containing  different  5'  ends  the  following  conclusions  have  been 
reached:  5 '-terminal  m  G  has  a  strong  promoting  influence  on  mRNA  selection 
by  eukaryotic  ribosomes.   The  presence  of  the  2'-0  methyl  group  as  well  as 
the  nature  of  the  penultimate  residue  also  have  a  positive  influence  at  this 
step,  under  mRNA  excess  conditions.   Methyl  groups  at  the  N^  positions  of  the 
adenosine  residues  of  the  cap  increase  affinity  to  ribosomes  at  high  potassium 
ion  concentrations. 

Protein  Synthesis  in  Mammals:  Mechanisms  and  Metabolic  Controls  .- 

^ 

The  long  range  objective  of  this  project  is  to  understand  at  the  molecular 
level  how  proteins  are  synthesized  in  mammals  and  how  the  process  of  protein 
synthesis  is  controlled  at  the  levels  of  translation  and  transcription.   The 
biosynthesis  of  the  human  placental  polypeptide  hormones,  human  placental 
lactogen  (hPL)  and  human  chorionic  gonadotropin  (HCG) ,  in  cell-free  systems 
was  studied  as  one  approach  toward  this  goal.   We  isolated  biologically  active 
messenger  RNA  from  both  early  and  term  human  placentas  and  from  cells  derived 
from  human  cancers  known  to  excrete  hCG  or  its  subunits .   These  mRNAs  were 
translated  in  the  cell  free  system  from  wheat  germ  and  some  of  the  proteins 
synthesized  which  have  antigenic  determinants  in  common  with  hPL  were  studied. 
Poly (A)  mRNA  from  term  placenta  directs  the  synthesis  of  two  immunoprecipitable 
forms  of  hPL  distinguishable  on  SDS  polyacrylamide  gels.   The  minor  species 
co-electrophoreses  with  authentic  hPL  while  the  major  precursor-like  species 
has  an  apparent  molecular  weight  of  about  3,000  greater.   In  addition  to  these 
two  species,  very  high  molecular  weight  forms  of  hPL  (M  >  150,000)  are  present 
in  untreated  cell-free  reaction  mixtures.   Both  the  precursor-like  material 
and  the  very  high  molecular  weight  aggregates  synthesized  in  vitro  bind  to 
specific  lactogen  receptors  on  liver  membranes,  thus  fulfilling  the  first     ^K' 
requirement  for  biological  activity.   Early  placental  mRNA  has  been  reported  ^^ 
to  direct  the  synthesis  of  both  the  a   and  g  subunits  of  hCG,  but  we  have  been 
unsuccessful  in  detecting  such  mRNA  in  cells  derived  from  human  carcinomas 
which  excrete  the  a  subunit  of  hCG.   Thus,  we  are  discontinuing  this  aspect 
of  the  project,  and  we  are  investigating  the  possibility  of  studying  some 
hormonaly  controlled  proteins  made  in  large  quantities  in  certain  systems 
derived  from  plants. 

608 


Thermodynamics  of  Hemoglobin  S  Gelation 

The  temperature  dependence  of  the  marked  nonideality  of  concentrated 
hemoglobin  solutions  has  been  found  to  be  negligible.   This  result  is  in 
accord  with  the  representation  of  these  solutions  as  hard  quasispherical 
particles  and  justifies  the  application  of  activity  coefficients  obtained  at 
one  temperature  to  characterize  the  thermodynamics  and  kinetics  of  sickle  cell 
hemoglobin  gelation  over  the  whole  temperature  range  for  which  experimental 
data  exist  (2-37°C) . 

Based  upon  the  model  of  the  hemoglobin  solution  as  a  suspension  of  non- 
interacting  quasispherical  particles  and  applying  the  concentration  dependence 
of  the  frictional  coefficient  of  sedimentation  to  diffusion,  the  concentration 
dependence  of  the  diffusion  coefficient  of  hemoglobin  solutions  (0-35%)  which 
is  a  combined  hydrodynamic  and  thermodynamic  property  has  successfully  been 
accounted  for. 

In  order  to  provide  a  rational  approach  to  the  inhibition  of  the  gelation 
of  sickle  cell  hemoglobin  a  systematic  study  of  the  effects  of  ions  and  organic 
molecules  upon  the  solubility  of  deoxyhemoglobin  S  has  been  carried  out.   Among 
the  added  organic  solutes  we  have  found  that  molecules  of  the  class  })-(CH2)  -Z 
(Z  =  residue  capable  of  hydrogen  bonding,  n  =  1,2)  to  be  most  effective  in 
increasing  the  solubility  of  deoxyhemoglobin  S  and  retarding  the  kinetics  of 
gelation.   From  these  experimental  results  and  the  current  understanding  of 
the  microtubular  structure  of  HbS ,  we  have  proposed  a  detailed  stereochemical 
mechanism  of  the  noncovalent  inhibition  of  gelation  of  deoxyhemoglobin  S. 
This  model  successfully  accounts  for  the  effects  of  all  inhibitors  reported 
to  date.   The  model  also  suggests  that  by  increasing  the  polarizability  of  the 
hydrophobic  end  of  the  molecule  a  more  effective  inhibitor  will  result.   This 
prediction  has  been  borne  out  in  several  instances  resulting  in  an  increased 
solubility  of  deoxyhemoglobin  S  and  thus  supporting  this  picture  of  the 
mechanism  of  inhibition. 
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Project  Description: 

DNA  gyrase,  a  prokaryotic  enzyme  that  induces  supercoiling  of  circular 
DNA  in  an  ATP-dependent  reaction,  was  first  isolated  from  E.  coli  in  this 
laboratory  two  years  ago.  The  enzyme  was  found  to  be  specifically  inhibited 
by  novobiocin  and  coumermycin,  two  related  antibiotics  with  a  known  resistance 
locus  in  E.  coli  (cou) .  More  recently,  we  have  identified  a  second  genetic 
locus  involved  in  determining  the  enzyme  activity.  This  locus  (nalA)  controls 
resistance  to  another  related  pair  of  antibiotics,  nalidixic  acid  and  oxolinic 
acid. 

Both  families  of  drugs  inhibit  the  overall  DNA-supercoil ing  reaction,  but 
partial  reactions  are  differentially  sensitive.  The  DNA-dependent  ATP  hydro- 
lysis catalyzed  by  DNA  gyrase  is  inhibited  by  novobiocin,  but  not  by  oxolinic 
acid.  The  DNA-relaxing  activity,  on  the  other  hand,  is  inhibited  by  oxolinic 
acid  but  not  by  novobiocin.  This  functional  partition  is  reflected  in  the 
structure  of  the  enzyme.  DNA  gyrase  purified  to  homogeneity  is  an  equimolar 
complex  of  two  protein  chains  with  molecular  weights  of  100,000  and  90,000. 
Work  from  Cozzarelli's  laboratory  has  identified  the  larger  chain  as  the 
product  of  the  nalA  gene;  the  smaller  chain  has  been  identified  by  both  our 
groups  as  the  product  of  the  cou  gene. 

An  aberrant  reaction  caused  by  oxolinic  acid  has  also  been  studied  in 
some  detail.  If  DNA  gyrase  is  incubated  with  double-stranded  DNA  in  the 
presence  of  this  drug,  a  complex  is  formed  which  can  then  be  "triggered"  by 
the  addition  of  a  detergent  such  as  sodium  dodecyl  sulfate,  to  produce  double- 
strand  scissions  in  the  DNA.  These  scissions  occur  at  specific  sites.   In 
collaboration  with  J.  Tomizawa  and  H.  Ohmori ,  we  are  trying  to  determine  the 
sequence  specificity  of  the  cleavage.  Preliminary  results  indicate  that  an 
identical  block  of  eleven  nucleotides  occurs  near  two  cleavage  sites  in 
colicin  El  plasmid  DNA.  The  possibility  that  these  are  also  sites  of  normal 
gyrase  action  is  particularly  intriguing. 

Publications : 

Gellert,  M. ,  Mizuuchi,  K. ,  O'Dea,  M.H.,  Itoh,  T. ,  and  Tomizawa,  J.:  Nalidixic 
acid  resistance:  A  second  genetic  character  involved  in  DNA  gyrase  activity. 
Proc.  Nat.  Acad.  Sci.  USA  74:  4772-4776,  1977. 

Nash,  H.A.,  Mizuuchi,  K. ,  Weisberg,  R.A.,  Kikuchi,  Y.,  and  Gellert,  M.: 
Integrative  recombination  of  bacteriophage  lambda  -  The  biochemical  approach 
to  DNA  insertions.  In  Shapiro,  J.,  Bukhari  ,  A.  and  Adhya,  S.  (Eds.)  DNA 
Insertion  Elements,  Plasmids,  and  Episomes.  Cold  Spring  Harbor  Lab,  New 
York,  1977,  pp.  363-373. 
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Nash,  H.A.,  Kikuchi,  Y.,  Mizuuchi,  K. ,  and  Gellert,  M.:  Integrative 
Recombination  of  Bacteriophage  Lambda;  Genetics  and  Biochemistry.   In 
Hofschneider,  P.  and  Starlinger,  P.  (Eds.):  Integration  and  Excision  of 
DNA  Molecules.  Springer-Verlag  Berlin  Heidelberg,  W.  Germany,  1978, 
pp.  21-27. 

Mizuuchi,  K. ,  Gellert,  M.,  and  Nash,  H.A.:  Involvement  of  supertwisted 
DNA  in  integrative  recombination  of  bacteriophage  lambda.  J.  Mol .  Biol . 
in  press. 

Functions  involved  in  specialized  recombination  in  E.  coli 

In  the  past  year,  we  have  continued  to  develop  a  system  with  which  to 
investigate  the  specialized  recombination  associated  with  the  y6   sequence  in 
E.  col i  .  Specialized  recombination  refers  to  events  which  can  occur  in 
E.  coli  in  the  absence  of  recA  gene  function  and  which  therefore  do  not  require 
the  major  homologous  recombination  system  of  the  cell.  This  class  of  events 
includes  recombination  events  involving  genetic  elements  known  as  insertion 
sequences  (IS  elements)  which  are  able  to  mediate  chromosomal  rearrangement 
events  such  as  transposition,  deletion,  insertion,  and  inversion.  We  have 
chosen  the  y6   sequence,  a  normal  component  of  the  F  sex  factor,  as  a  model  for 
the  study  of  specialized  recombination. 

We  have  shown  that  y6   is  able  to  transpose  from  F  to  the  chimeric  R      (fS' 
plasmid  pBR322.  A  donor  strain  containing  both  F  and  pBR322  is  capable  of 
transferring,  by  conjugation,  the  tetracycline  and  ampicillin  resistance 
determinants  of  pBR322  at  a  low  frequency.  Conjugal  transmission,  however, 
was  found  to  be  associated  with  an  alteration  in  the  structure  of  pBR322. 
The  alteration  was  proven  to  be  an  insertion  of  the  y<5  sequence.  Characteriza- 
tion of  this  transposition  system  has  shown  that  y6   behaves  as  a  typical  IS 
element:  (1)  transposition  occurs  in  a  recA"  host;  (2)  y6  can  insert  at  many 
sites  on  pBR322  and  in  either  orientation;  and,  (3)  yS   is  bound  by  short 
inverted  repeat  sequence.  In  collaboration  with  the  laboratory  of  Joan  Steitz 
at  Yale  University,  the  insertion  of  yS   has  been  shown  to  be  associated  with 
a  direct  duplication  of  a  five  nucleotide  sequence  derived  from  the  target 
plasmid.  This  behavior  is  also  characteristic  of  other  IS  elements. 

A  simple  model  to  account  for  the  formation  and  transmission  of  the 
PBR322::y6  recombinants  proposes  that  (1)  y6   transposes  from  F  to  pBR322; 
(2)  recombination  between  the  transposed  y6   sequence  on  pBR322  and  the 
sequence  on  F  forms  a  cointegrate  plasmid  which  (3)  is  transferred  to  a 
recipient  cell  where  (4)  the  cointegrate  dissociates  by  means  of  intramolecular 
recombination  between  the  two  y6   sequences.  Experiments  are  in  progress  which  ^k 
are  designed  to  test  this  model. 

We  have  also  begun  a  genetic  analysis  of  the  specialized  recombination 
mediated  by  y6.     These  experiments  also  employ  the  F,  pBR322  conjugal  system. 
Among  mutants  of  the  F  ,  pBR322  donor  strain  which  cannot  transfer  the  tetra- 
cycline and  ampicillin  resistance  markers  should  be  mutants  which  prevent  the 
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transposition  of  y&.     At  least  two  classes  of  mutations  can  be  predicted,  those 
affecting  host-determined  functions  and  those  affecting  functions  coded  by 
y&   itself.  The  isolation  of  mutations  of  yo   faces  the  potential  problem  that 
copies  of  y5  may  exist  in  the  E.  coli  chromosome.  One  to  several  copies  of 
other  IS  elements  are  known  to  be  normal  components  of  the  genome  of  E.  col i . 
Thus,  a  third  major  line  of  investigation  in  progress  is  the  determination, 
by  DNA-DNA  hybridization  techniques,  of  the  presence  or  absence  of  y6   in  the 
chromosome  of  several  strains  of  E.  coli  K12. 
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The  long  range  of  objective  of  this  project  is  to  understand  at  the  molecular 
level  how  proteins  are  synthesized  in  mammals  and  how  the  process  of  protein 
synthesis  is  controlled  at  the  levels  of  translation  and  transcription.  The 
topics  of  current  interest  are:  1)  the  isolation  and  characterization  of 
biologically  active  messenger  RNA  from  eukaryotic  cells.  2)  the  translation  of 
eukaryotic  mRNA  in  cell -free  systems  from  wheat  germ.  3)  the  identification  and  , 
purification  of  immunopreci pi  table  forms  of  specific  proteins  synthesized  in 
cell-free  systems.  4)  the  conversion  in  cell-free  systems  of  possible  precursors 
of  secretory  proteins  to  mature  proteins.  5)  the  examination  of  proteins 
synthesized  in  cell -free  systems  for  biological  activity. 


PHS-6040 
(Rev.    10-7C) 


fi14 


ZOl  AM  33001-09  LMB 

Project  Description: 

The  biosynthesis  of  the  human  placental  polypeptide  hormones,  human  pla- 
cental lactogen  (hPL)  and  human  chorionic  gonadotropin  (hCG)  in  cell -free 
systems  has  been  studied  as  one  approach  toward  our  objective  of  understanding 
protein  sysnthesis  in  mammals.  The  polypeptide  hormones  hPL  and  hCG  are 
synthesized  in  relatively  large  amounts  in  normal  placenta  and  the  tv/o  hormones 
appear  to  be  differentially  coupled  to  gestation  and  placental  development. 
Normally  hCG  is  synthesized  only  in  placental  trophoblasts  and  testes,  but  it 
appears  ectopically  in  many  cancer  cells  of  human  origin.  In  the  latter  case 
the  a   and  p  subunits  of  hCG  are  characteristically  excreated  in  unbalanced 
quantities.  The  control  of  the  biosynthesis  of  hCG  in  cultured  human  cancer 
cells  seemed  of  particular  interest. 

Our  experimental  approach  was  to  isolate  biologically  active  mRNA  from 
early  and  term  placentas  and  from  cells  derived  from  human  cancers,  to  trans- 
late these  mRNAs  in  cell -free  systems,  and  to  characterize  the  proteins 
synthesized  which  are  precipitable  by  antisera  to  hPL  or  hCG. 

We  have  previously  shown  that  po1y(A)  mRNA  from  human  term  place. itas 
directs  the  synthesis  in  a  cell  free  system  from  wheat  germ  of  two  immuno- 
precipitable  forms  of  hPL.  The  minor  species  co-electrophoreses  on  SDS  poly- 
acrylamide  gels  with  authentic  hPL  while  the  major  precursor-like  species  has 
an  apparent  molecular  weight  of  about  3000  greater.   In  addition  to  these  two 
species,  very  high  molecular  weight  forms  of  hPL  (M  >  150,000)  are  present  in 
untreated  cell-free  reaction  mixtures,  as  well  as  in  solubilized  immuno- 
precipitates  of  both  authentic  hPL  and  cell-free  products.  The  high  molecular 
weight  forms  synthesized  in  vitro  migrate  on  SDS  polyacrylamide  gels  either 
with  authentic  monomeric  hPL  or  with  the  precursor-like  material.  Similar 
high  molecular  weight  forms  of  hPL  have  been  reported  by  others  in  cultured 
placental  slices  and  in  human  serum  and  they  may  be  of  biological  significance. 
Both  the  precursor-like  material  and  the  high  molecular  weight  aggregates 
synthesized  in  cell -free  systems  bind  to  specific  lactogen  receptors  on  liver 
membranes,  thus  fulfulling  the  first  requirement  for  biological  activity. 

We  have  now  isolated  poly(A)  mRNA  from  early  placentas  and  from  HeLa  cells 
and  other  cancer  cells  known  to  synthesize  the  a  subunit  of  hCG  and  studied 
the  products  of  their  translation  in  cell  free  systems.  Preliminary  data 
suggested  that  early  placental  mRNA  directs  the  synthesis  of  material  with 
antigenic  determinants  in  common  with  hCG,  but  we  have  been  unable  to  detect 
either  subunit  of  hCG  in  the  translation  products  of  mRNA  derived  from  human 
cancer  cells  in  culture.  We  have  therefore  discontinued  studies  of  hCG  bio- 
synthesis, and  we  are  seeking  a  system  more  suitable  for  fulfilling  our  long 
range  objectives. 

We  are  currently  investigating  a  promising  system  from  plants  in  which 
several  proteins  present  in  large  amounts  are  under  the  control  of  plant 
hormones. 

Publications:  None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  aim  of  this   project  is   to  determine  the  influence  of  specific  structural 
features  of  the  5'-terminal    portion  of  eukaryotic  mRNA  on   initiation  of  protein 


synthesis  in  vitro.  By  comparing  the  ribosome-bi nding  efficiencies  of  mRNA^s 
containing  different  5'  ends  the  following  conclusions  have  been  reached:  5_;^ 
terminal   m^  has  a  strong  promoting   influence  on  mRNA  selection  by  eukaryotic 

ribosomes.     Among  the  different  5'-termini,  m^GpppA"^  appears   to   be  enriched  in 
ribosome-associated  mRNA,   indicating  a   greater  affinity  of  this  cap  to  ribosomes 
or  initiation  factors.     Similarly  the  presence  of  2'-0-methyl    groups   promotes   the 
binding  of  mRNA  to  ribosomes.     N^-methylation  of  A  caps   increases   efficiency  of 
initiation  complex  formation  only  at  high  potassium  ion  concentrations 
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Project  Description: 

The  main  objective  of  this  project  is  to  identify  the  influence  of 
specific  structural  features  of  eukaryotic  mRNA  on  their  biological  activity. 

Eukaryotic  mRNAs  have  an  unusual  structure  at  the  5'  end  consisting  of  a 
cluster  of  methylated  residues  in  what  is  called  a  'cap'  structure.  Using 
vaccinia  virus  mRNA  and  HeLa  cell  mRNA  we  ire   attempting  to  determine  how 
each  portion  of  this  cap  strucutre  affects  their  function  by  using  two 
approaches:  a)  specific  removal  of  the  m  G  residue  by  chemical  methods  and 
studying  the  effect  of  such  treatment;  b)  specific  modifications  of  mRNA's 
using  enzymes  purified  from  vaccinia  virus  that  are  involved  in  modification 
of  5'  ends  of  mRNA. 


Ribosome  binding  studies  under  mRNA  excess  conditionsyresul ts  in  an 
enrichment  of  mRNA's  containing  5'-terminal  m  GpppA  and  m  GpppA  in  the 
ri bosome-associated  mRNA  fraction.  Analysis  of  the  bound  mRNA  under  these 
conditions  reveals  that  the^binding  efficiencies  of  mRNAs  with  different  5'- 
termini  are  in  the  order:  m  GpppA  >m  GpppA>m  GpppG  =  m  GpppG.  It  appears 
therefore  that  mRNA's  containing  A  caps  are   more  efficiently  recognized  than 
those  containing  G  caps.  Similar  results  have  been  obtained  with  HeLa  mRNA. 

Methyl  groups  have  been  added  to  the  N  positions  of  5 '-terminal 
adenosine  residues  using  an  enzyme  purified  from  HeLa  cells.  mRNA-binding  to 
ribosomes  at  different  potassium  ion  concentrations  has  shown  that  the  presence 
of  N  methyl  groups  enhances  th^  affinity  to  ribosomes  at  high  potassium  ion 
concentrations  (120  to  200  mM  K  ) . 

The  influence  of  the  nature  of  the  penultimate  residue  of  cap  has  been 

studied  by  using  plant  mRNAs  and  introducing  label  at  these  residues  using 

vaccinia  2 ' -0-methyl transferase.  Besides  the  apparent  enrichment  of  A  caps, 

no  further  preferences  have  been  observed  among  G,  C  or  U  caps. 

Studies  are  in  progress  concerning  the  5'-proximal  sequences  and  their 
relationship  to  the  protein-synthesis  initiation  sites,  and  possible  influences 
on  the  efficiency  of  translation. 

Pub! ications : 

Muthukrishnan ,   S.,   Moss,   B.,   Cooper,   J.   A.   and  Maxwell,    E.    S.:    Influence  of 
5'-terminal   cap  structure  on  the  initiation  of  translation  of  vaccinia  virus 
mRNA.      J.    Biol.   Chem.    253:    1710-1715. 
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SUMMARY    OF   WORK    (200   words    or    less   -   underline    keywords) 

The  aim  of  this  project  is  to  identify  and  characterize  enzymes  involved 
in  the  repair  and  replication  of  DNA  in  higher  organisms.  Currently  we 
are  1)  Examining  the  ability  of  a  eukaryotic  DNA  ligase  to  seal  single  strand 
breaks  in  chromatin;  2)  Characterizing  a  DNA  kinase  of  unusual  specificity 
also  from  eukaryotic  sources;  3)  Examining  the  number  and  characteristics  of 
DNA  ligases  in  rat  liver;  4)  Continuing  to  survey  eukaryotic  sources  for  a 
DNA  qyrase-like  activity. 
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Project  Description: 

Objectives :  To  isolate  and  characterize  enzymes  from  mammalian  sources 
which  act  on  DNA,  such  as  DNA  kinase  and  DNA  ligase,  in  order  to  attempt  to 
understand  more  fully  the  processes  of  DNA  repair  and  replication. 

Methods :  Standard  techniques  of  biochemistry. 

Major  Findings :  In  order  to  test  DNA  ligase  action  on  single-strand 
breaks  in  the  DNA  of  chromatin,  we  have  been  adopting  techniques  for 
reconstitution  of  chromatin  so  as  to  incorporate  DNA  with   P-labelled  nicks. 
At  least  part  of  the  nicks  enter  nucleosomes  based  upon  their  release  by 
micrococcal  nuclease  in  11  S  particles.   If  the  nicks  are  sealed  prior  to 
reconstitution,  several  criteria  indicate  a  relatively  faithful  reconstitution 
into  chromatin-1 i ke  material:  1)  release  of  label  in  11  S  particles  by 
micrococcal  nuclease  and  2)  release  of  label  in  the  characteristic  "lOn" 
band  pattern  of  pancreatic  DNase.  Hence  adequate  substrates  appear  to  be  in 
hand  to  test  ligation  of  chromatin. 

The  characterization  of  the  DNA  kinase  of  rat  liver  has  been  extended. 
Kinetic  measurements  have  been  completed  which  indicate  the  enzyme  works  by 
a  sequential  mechanism.  Unsuccessful  attempts  to  demonstrate  a  covalent 
enzyme-phosphate  intermediate  by  direct  isolation  or  by  exchange  reaccions 
are  consistent  with  this  mechanism.  Protection  by  substrates  against 
thermal  inactivation  indicates  a  random  order  of  interaction  with  the  sub- 
trates.  Several  potent  inhibitors  have  been  characterized.   Inorganic  sulfate 
is  competitive  with  ATP  (K.  =  0.2  mH)  and  non-competitive  with  respect  to 
DNA.  Dextran  sulfate  inhibition  of  the  kinase  is  non-competitive  with  respect 
to  both  ATP  and  DNA.  The  stoichiometry  of  the  reverse  reaction  of  the  kinase 
has  been  demonstrated  and  the  conditions  determined  which  will  allow  the  use 
of  this  enzyme  to  label  DNA  termini  by  an  exchange  reaction  without  prior 
dephosphorylation. 

We  have  examined  many  types  of  preparations  of  nuclear  and  mitochondrial 
extracts  for  a  eukaryotic  DNA  gyrase  activity.  All  attempts  have  been 
unsuccessful  to  date.  Crude  systems  have  several  times  shown  apparent 
supercoiling  activity,  but  this  has  uniformly  turned  out  to  be  due  to 
combinations  of  nicking-closing  activity  with  materials  which  bind  to  DNA. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
The  enzymes  discussed  above  are  thought  to  function  in  repair  and  replication 
of  DNA.  Damaged  regions  in  DNA  have  been  implicated  in  a  variety  of  disease 
states  as  well  as  in  aging  and  differentiation.  Enumeration  and  character- 
ization of  the  enzymes  which  carry  out  repair  and  replication  will  hopefully 
lend  insight  into  the  mechanisms  of  these  processes  and  the  aberrations  in 
them  which  occur  in  various  diseased  states.  Extension  of  these  studies  to 
repair  in  chromatin  should  more  closely  approach  the  in  vivo  state  of  DNA  in 
higher  organisms. 
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Proposed  Course:  The  ability  of  a  eukaryotic  ligase  to  act  on  damaged 
sites  in  reconstituted  chromatin  will  be  tested.  The  recovery  of  ligase 
product  in  a  form  with  the  characteristic  nuclease  sensitivities  of  chromatin 
should  indicate  whether  sealing  indeed  occurs  when  nicks  are  in  nucleosomes. 
Many  of  the  techniques  used  in  these  ligase  studies  can  be  applied  to  repair 
of  other  types  of  damage  in  chromatin. 

The  results  on  mechanism,  reversal  and  inhibition  of  the  DNA  kinase  are 
being  prepared  for  publication.  Further  purification  of  this  activity  by 
affinity  chromatography  will  be  attempted  with  the  goal  being  a  physical 
characterization  of  the  enzyme. 

The  DNA  ligase  activity  of  rat  liver  occurs  in  both  the  cytoplasmic  and 
nuclear  fractions.  The  latter  activity  has  been  intensively  studied  by  us. 
If  adequate  purification  of  the  cytoplasmic  activity  is  achieved,  we  will 
characterize  this  activity  in  an  attempt  to  see  its  relationship  to  the 
nuclear  enzyme. 

Publications:  None 


e 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

1)  The  temperature  dependence  of  the  marked  nonideality  of  concentrated 

'■  ■''    This  result  is  in  accord 


hemoglobin  solutions  has  been  found  to  be  negligible 

with  the  representation  of  these  solutions  as  non-interacting  quasisphencal 
particles  and  justifies  the  application  of  activity  coefficients  obtained  at  one 
temperature  to  characterize  the  thermodynamics  and  kinetics  of  sickle  cell  hemo- 
globin gelation  over  the  whole  temperature  range  for  which  experimental  data  exist 
{2-37°C).  2)  Based  upon  this  model  and  applying  the  concentration  dep3ndence  of  th^ 
frictional  coefficient  of  sedimentation  to  diffusion,  the  concentration  dependence 
of  the  diffusion  coefficient  of  hemoglobin  solutions  (0-35%)  which  is  a  combined  i 
hydrodynamic  and  thermodynamic  property  has  successfully  been  accounted  for.  3)  Ini 
order  to  provide  a  rational  approach  to  the  inhibition  of  the  gelation  of  sickle 
cell  hemoglobin  a  systematic  study  of  tne  effects  of  ions  and  organic  molecules 
upon  the  solubility  of  deoxyhemoglobin  S  (HbS)  has  been  carried  out.  From  these 
results  and  the  current  understanding  of  the  microtubular  structure  of  HbS  fibers 
we  have  proposed  a  detailed  stereochemical  mechanism  of  the  noncovalent  inhibition 


of  gelation  of  HbS  which  accounts  for  the  effects  of  all  inhibitors  reported  to 
riatP  and  sxi_cce5_ifiJlly  predicts  the  design  of  more  effecti ve  inhibitors. 


PHi-60A0 
(Rfv.     l0-7£) 


621 


ZOl  AM  33053-06  LMB    ^■ 
Project  Description: 

Objectives:  To  gain  a  basic  physical -chemical  understanding  of  the  sick- 
ling phenomenon  and  to  interpret  the  behavior  of  potentially  therapeutic 
additives  in  terms  of  their  effects  upon  the  kinetics  and  thermodynamics  of 
gelation.  Specifically:  1)  quantitative  evaluation  of  the  extent  of  non-   ^  |» 
ideality  of  hemoglobin  solutions.  2)  A  systematic  survey  of  the  effect  of    IP 
anions,  cations  and  organic  solutes  upon  the  solubility  of  deoxyhemoglobin  S 
so  that  an  idea  may  be  gained  of  the  relative  importance  of  the  ionic,  hydro- 
phobic and  hydrogen-bonding  interactions  stabilizing  the  microtubular  structure 
of  deoxyhemoglobin  S  and  requirements  for  more  effective  inhibitors  of  gelation 
be  determined. 

Methods:  Differential  scanning  and  isothermal  calorimetry.  Optical 
birefringence  and  light  scattering.  Ul tracentrifugation,  nuclear  magnetic 
resonance  spectroscopy  and  radioactive  tracer  studies. 

Major  Findings:  The  non-ideal  thermodynamic  behavior  of  hemoglobin 
solutions  has  been  accounted  for  by  a  simple  model  which  treats  the  protein 
solution  as  a  suspension  of  hard  quasispherical  particles  with  no  long  range 
interparticle  interaction.  The  non-ideality  simply  arises  from  the  excluded 
volume  effect  of  these  particles.  This  approach  has  been  extended  to  examine 
data  obtained  from  2  to  37°.  The  non-ideality  as  a  function  of  hemoglobin 
concentration  is  found  to  be  independent  of  temperature  as  would  be  expected 
for  a  hard-sphere  model  in  which  the  distance  of  closest  approach  is  determined^^.. 
solely  by  the  geometric  effect  of  excluded  volume.  More  refined  values  for  theW- 
activity  coefficients  of  hemoglobin  as  a  function  of  protein  concentration  have 
been  determined.  These  results  justify  application  of  the  significant  non- 
ideal  corrections  over  the  temperature  range  of  2-37°  in  which  kinetic  and 
thermodynamic  experiments  are  normally  carried  out  (Ross,  Briehl  and 
Minton,  1978). 

The  concentration  dependence  of  the  viscosity  of  hemoglobin  solutions,  a 
hydrodynamic  property,  was  successfully  accounted  for  by  relations  describing 
the  viscosity  behavior  of  uncharged  macroscopic  spheres;  a  result  that  is 
consistent  with  the  hard  quasispherical  thermodynamic  model  of  the  hemoglobin 
solution  (Ross  and  Minton,  1977).  This  result  has  led  to  an  examination  of  the 
concentration  dependence  of  the  mutual  diffusion  constant  of  hemoglobin,  a 
combined  thermodynamic  and  hydrodynamic  property.  We  have  found  that  the 
concentration  dependence  of  the  frictional  coefficient  for  diffusion  may  be 
represented  by  a  one-parameter  semiempirical  expression  used  to  describe  the 
concentration  dependence  of  the  frictional  coefficient  for  sedimentation.  We 
are  thus  able  to  account  for  the  observed  values  of  the  diffusion  coefficient 
over  the  range  of  0-35  percent  hemoblobin  solutions  in  terms  of  one  semi- 
empirical  parameter  and  the  values  of  the  activity  coefficients  derived  above.  M| 
This  result  indicates  that  hemoglobin  solutions  behave  thermodynamical ly  and 
hydrodynamically  as  a  suspension  of  non-interacting  quasispherical  particles 
(Minton  and  Ross,  1978). 
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A  systematic  study  of  the  effects  of  ions  and  organic  molecules  upon  the 

solubility  of  deoxyhemoglobin  S  has  been  carried  out  (Ross  and  Subramanian, 

1978).  Among  the  added  organic  solutes  we  have  found  that  molecules  of  the 

class  4)-(CH2)  -Z  (Z  =  residue  capable  of  hydrogen  bonding,  n  =  1,2)  to  be  most 

effective  in  increasing  the  solubility  of  deoxyhemoglobin  S  and  retarding  the 
kinetics  of  gelation.  From  these  experimental  results  and  the  current  under- 
standing of  the  microtubular  structure  of  HbS,  we  have  proposed  a  detailed 
stereochemical  mechanism  of  the  noncovalent  inhibition  of  gelation  of  deoxy- 
hemoglobin S  (Ross  and  Subramanian,  1977).  This  model  successfully  accounts 
for  the  effects  of  all  inhibitors  reported  to  date.  The  model  also  suggests 
that  by  increasing  the  polarizability  of  the  hydrophobic  end  of  the  molecule 
a  more  effective  inhibitor  will  result.  This  prediction  has  been  borne  out  in 
several  instances  resulting  in  an  increased  solubility  of  deoxyhemoglobin  S 
and  thus  supporting  the  picture  of  the  mechanism  of  inhibition  (Ross  and 
Subramanian,  1978). 

Significance:  The  thermodynamic  results  and  analysis  provide  the  neces- 
sary basis  for  the  interpretation  of  kinetic  and  equilibrium  studies  of  the 
gelation  of  deoxyhemoglobin  S. 

The  results  of  our  solubility  studies  point  to  a  rational  method  of  dis- 
covering more  effective  inhibitors  of  the  gelation  of  hemoglobin  S. 

Proposed  Course  of  Project:  Solubility  studies  aimed  at  finding  more 
effective  inhibitors  will  be  continued.  Attempts  to  verify  the  proposed 
mechanism  of  non-covalent  inhibition  of  gelation  will  be  pursued  by 
spectroscopic  and  x-ray  crystallographic  methods. 

Publications: 

Ross,  P.O.,  Briehl,  R.N.,  and  Minton,  A. P.:  Temperature  dependence  of 
nonideality  in  concentrated  solutions  of  hemoglobin.  Biopolymers  in  press, 
1978. 

Ross,  P.D.  and  Minton,  A. P.:  Hard  quasispherical  model  for  the  viscosity  of 
hemoglobin  solutions.  Biochem.  Biophys.  Res.  Comm.  76:  971-976,  1977. 

Minton,  A. P.  and  Ross,  P.O.:  On  the  concentration  dependence  of  the  diffusion 
coefficient  of  hemoglobin.  J.  Phys.  Chem.  in  press,  1978. 

Ross,  P.D.  and  Subramanian,  S.:  Inhibition  of  sickle  cell  hemoglobin  gelation 
by  some  aromatic  compounds.  Biochem.  Biophys.  Res.  Comm.  77:  1217-1223,  1977. 

Ross,  P.D.  and  Subramanian,  S.:  Ionic  and  non-ionic  effects  on  the  solubility 
of  deoxyhemoglobin  S.   In  Caughey,  W.  (Ed.):  Biochemical  and  Clinical  Aspects 
of  Hemoglobin  Abnormalities.  Academic  Press,  New  York,  1978. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  aim  of  this  project  is  to  obtain  structural  information  on  poly- 
nucleotides and  to  provide  insights  into  the  factors  which  control  structure, 
principally  through'  X-ray  fiber  diffraction  and  model  building  studies. 
Current  areas  include  1)  the  structure  of  poly  U  complexed  v^ith  poly amines 
or  heavy  metals;  2)  attempting  to  determine  the  helical  parameters  of  DNA  in 
free  solution  by  diffraction  techniques. 
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Project  Description: 

Objectives:  Obtain  structural  information  on  polynucleotides  and  to 
provide  insights  into  the  factors  which  control  structure. 

Methods:  Standard  techniques  of  X-ray  diffraction  and  biochemistry; 
computerized  molecular  model  building. 

Major  Findings:  The  ordered  structure  formed  by  poly  U  with  a  variety 
of  polyamines  has  been  studied  by  X-ray  fiber  diffraction  methods.  The  number 
of  residues  per  turn  of  the  helix  could  not  be  determined  directly  from  the 
diffraction  pattern,  although  the  fiber  density  suggests  8  to  11  residues 
per  turn.  Stereochemical  ly  acceptable  models  have  been  built  for  8-,  9-, 
10-,  and  11-fold  helices,  and  in  all  cases  the  calculated  transforms  are  in 
reasonable  agreement  with  the  observed  pattern.  The  transforms  indicate 
that  the  plane  of  the  base  pairs  must  be  tilted  at  a  greater  angle  to  the 
helix  axis  than  in  any  structure  described  to  date. 

Several  ordered  forms  of  poly  U  complexed  with  silver  ions  have  been 
observed  by  Dr.  Y.  Shin.  Fibers  of  these  materials  give  diffraction  data 
whose  suitability  for  structural  studies  is  being  evaluated. 

Levitt  has  proposed  [PNAS  75_,  640  (1978)]  that  DNA  in  solution  does  not 
exist  in  the  exact  IQ-fold  helix  of  Watson  and  Crick,  but  rather  has  10  1/2 
base  pairs  per  turn.  His  evidence  is  indirect.  It  may  be  possible  to  answer 
the  question  directly  by  diffraction  studies  on  "wet"  fibers  and  the  technical 
feasibility  of  doing  this  is  being  examined. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
Polynucleotides  are  crucial  in  controlling  cells  in  both  normal  and  diseased 
states.  Understanding  of  polynucleotide  structure  will  hopefully  be  of  aid 
in  understanding  and  interacting  with  cells  in  such  diseased  states. 

Proposed  Course:  Alternative  ways  of  determining  the  fold  of  the  poly  U- 
polyamine  helix  will  be  examined.  Diffraction  data  are  being  collected  for 
both  the  poly  U-Ag  complexes  and  for  DNA  fibers  in  various  stages  of 
redissolution;  progress  with  both  types  of  materials  will  depend  on  the 
quality  of  the  diffraction  data  obtainable. 

Pub! ications : 

Zimmerman,  S.B.,  Davies,  D.R.  and  Navia,  M.A.:  An  ordered  single-stranded 
structure  for  Poly-adenylic  acid  in  denaturing  solvents.  An  X-ray  fiber 
diffraction  and  model  building  study.  J.  Mol .  Biol .  116:  317-330,  1977. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords)  + 

The  enthalpy  change  for  the  oxidative  deamination  of  glutamate  by  NADP _ 
catalyzed  by  bovine  liver  glutamate  dehydrogenase  has  been  determined  calori- 
metrically.  The  AH°  values  are  64.6  ±  1.2  kJ/mol  and  70.3  ±  1.2  kJ/mol  at  25 
and  35°C  respectively.  The  equilibrium  constants  for  the  reaction  at  the  two 
temperatures  viere   determined  spectrophotometrically .  The  thermodynamic  parameters], 
AG,  AH,  and  AS,  characterizing  the  tight  binding  of  methotrexate,  folates  and 
pyridine  nucleotides  to  chicken  liver  dihydrofolate  reductase  have  been  determin^ 
from  calorimetric  and  fluorescence  measurements.  In  addition,  the  enthalpy  of 
methotrexate-enzyme  interaction  demonstrates  a  proton  transfer  associated  with 
binding;  this  is  not  the  case  with  folate  and  dihydrofolate,  thus  confirming  the 
conclusions  drawn  from  the  observed  difference  spectra  characteristic  of  the ^ 
interaction  of  methotrexate  and  substrates  with  the  enzyme.  The  thermodynamic 
parameters  for  the  binding  of  NAD  ,  NADH ,  ADP-ribose  and  5-iodosal icylate  to  some 
selected  dehydrogenases  were  determined  calorimetrical ly  at  pH  7.6  and  25°.  This 
gives  an  indication  of  a  possible  extension  of  the  structure-function  correlatio 
to  the  thermodynamics  of  binding  coenzymes  and  coenzyme  fragments  as  well. 
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Project  Description: 

Objectives:  (1)  To  obtain  thermodynamic  parameters  for  the  binding  of 
NAD,  NADH,  ADP-Ribose  and  lodosal icylate  to  several  dehydrogenases. 

(2)  To  examine  the  thermodynamic  data  in  relation  to  structural  and  functional 
aspects  of  the  enzymes  and  attempt  to  interpret  the  molecular  nature  of 
enzyme-coenzyme,  enzyme-inhibitor  interactions. 

(3)  Investigate  the  interaction  of  methotrexate,  folate  and  pyridine  nucleo- 
tides with  chicken  liver  dihydrofolate  reductase. 

Methods :  Batch  microcalorimetry. 

Major  Findings:  (1)  Thermodynamic  data  for  the  binding  of  NAD,  NADH, 
ADP-Ribose  and  5-iodosal icylate  to  alcohol  dehydrogenase  (yeast)  lactic  de- 
hydrogenase (beef  heart  and  rabbit  muscle)  and  malate  dehydrogenase  (pig  heart 
mitochondrial)  are  very   similar  (with  only  minor  variations)  for  each  ligand 
binding  to  the  various  dehydrogenases.  This  provides  some  validity  to  the 
concept  of  the  similarity  of  the  NAD-binding  domain  of  dehydrogenases  deduced 
from  the  three-dimensional  structure.   (2)  In  contrast,  the  AH°  and  AS°  of 
binding  NAD  and  NADH  to  horse  liver  alcohol  dehydrogenase  are  strikingly 
different  from  those  for  the  other  dehydrogenases.  This  is  indicative  of 
conformational  changes  in  liver  alcohol  dehydrogenase  upon  coenzyme  binding 
as  evidenced  by  X-ray  diffraction  studies.  (3)  ADP-ribose  and  5-iodosal icylate 
do  not  seem  to  induce  conformational  changes  while  binding  in  the  same  domain. 
The  thermodynamic  parameters  for  binding  of  ADP-ribose  and  5-iodosal icylate  to 
liver  alcohol  dehydrogenase  are  similar  compared  to  those  of  other  dehydro- 
genases for  the  binding  of  these  two  ligands.   (4)  The  thermodynamic  para- 
meters, AG,  AH,  and  AS,  characterizing  the  tight  binding  of  methotrexate, 
folates  and  pyridine  nucleotides  to  chicken  liver  dihydrofolate  reductase 
were  determined  from  calorimetric  and  fluorescence  measurements.  At  25°  the 
binding  of  NADPH  and  NADP  is  characterized  by  small  negative  enthalpies  and 
large  positive  entropies  while  the  binding  of  the  folates  and  methotrexate  is 
accompanied  by  large  negative  enthalpies  and  small  negative  entropies.  In 
addition,  the  enthalpy  of  methotrexate-enzyme  interaction  demonstrates  a 
proton  transfer  associated  with  binding;  this  is  not  the  case  with  folate  and 
dihydrofolate,  thus  confirming  the  conclusions  drawn  from  the  observed 
difference  spectra  characteristic  of  the  interaction  of  methotrexate  and 
substrates  with  the  enzyme.  These  results  are  important  in  terms  of  the 
nature  of  the  binding  process,  conformational  changes  in  the  enzyme,  and  the 
nature  of  the  active  site  region. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute.  Th i s 
project  is  designed  to  obtain  a  better  understanding  of  the  relationship  of 
structural  similarities  to  function  in  a  class  of  dehydrogenases  by  studying 
the  thermodynamics  of  enzyme-ligand  interactions  using  the  method  of 
microcalorimetry.  The  basic  knowledge  gained  thereby  could  pave  the  way  for 
unraveling  some  mechanistic  aspects  of  glycolytic  and  metabolic  enzymes. 
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Proposed  Course:  (1)  It  is  proposed  to  extend  the  study  to  investigation 
of  kinases  and  other  nucleotide-requiring  enzymes.  (2)  The  liver  alcohol 
dehydrogenase  is  to  be  studied  in  greater  detail  in  view  of  the  complexities 
of  proton  release  upon  NAD  binding  and  its  importance  in  the  catalysis. 

Publications:  9' 

Ross,  P.O.  and  Subramanian,  S.:  Inhibition  of  sickle  cell  hemoglobin  gelation 
by  some  aromatic  compounds.  Biochem.  Biophys.  Res.  Commun.  77:  1217-1223,  1977. 

Subramanian,  S.  and  Ross,  P.D.:  Calorimetric  investigation  of  NAD  binding  to 
some  dehydrogenases.  Biochem.  Biophys.  Res.  Commun.  78:  451-466,  1977. 

Subramanian,  S. :    Thermodynamics  of  the  glutamate  dehydrogenase  catalytic 
reaction.  Biophysical  Chemistry  7:  375-378,  1978. 

Ross,  P.O.  and  Subramanian,  S.:  Ionic  and  non-ionic  effects  on  the  solubility 
of  deoxyhemoglobin  S.  In  Caughy,  W.  (Ed.):  Clinical  and  Biochemical  Aspects 
of  Hemoglobin  Abnormalities.  Academic  Press,  New  York,  1978. 

Subramanian,  S.  and  Ross,  P.D.:  Thermodynamics  of  binding  of  oxidized  and 
reduced  nicotinamide  adenine  dinucleotides,  adenosine-5' -diphosphoribose  and 
5-iodosalicylate  to  dehydrogenases.  Biochemistry  17:  2193-2197,  1978. 

Ross,  P.D.  and  Subramanian,  S.:  Hexamethylenetetramine:  A  powerful  and  novel  fm 
inhibitor  of  gelation  of  deoxyhemoglobin  S.  Arch.  Biochem.  Biophys.  in  press. 

Subramanian,  S.  and  Kaufmann,  B.T.:  Interaction  of  methotrexate,  folates,  and 
pyridine  nucleotides  with  dihydrofolate  reductase:  Calorimetric  and  spectro- 
scopic binding  studies.  Proc.  Nat.  Acad.  Sci .  in  press. 

Weiter,  J.J.  and  Subramanian,  S.:  Free  radicals  produced  in  human  lenses  by 
a  biphotonic  process.  Investigative  Ophthalmology  and  Visual  Science  in  press. 
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During  the  past  year,  we  have  cotitmUed  our  investigation  of  the  structure 
of  chromatin,  the  DNA-protein  complex  found  in  eukaryotic  nuclei.   We  find  that 
nucleosomes,  the  fundamental  chromatin  subunits,  can  be  reconstituted  using 
histone  H3  that  has  been  dimerized  by  cross-linking  of  the  single  sulfhydryl 
groups  of  the  cysteines  at  position  110.   The  physical  properties  of  such  nucleo- 
somes are  so  far  indistinguishable  from  those  observed  for  nucleosomes  containing 
reduced  H3  molecules.   If,  as  seems  likely,  the  nucleosome  has  a  dyad  axis,  the 
disulfide  bridge  must  lie  on  the  axis.   Using  cloned,  sequenced  DNA  fragments 
140  base  pairs  in  length,  we  have  reconstituted  nucleosomes,  shown  that  a  well- 
defined  phased  complex  is  obtained,  and  begun  to  examine  the  accessibility  of  th^ 
individual  nucleotides  in  the  complex  to  a  variety  of  chemical  probes.   We  also 
have  continued  our  studies  of  transcriptionally  active  genes  in  chromatin,  nota- 
bly the  globin  genes  of  avian  reticulocytes.   We  have  developed  a  new  rapid 
method  for  the  purification  of  closed  circular  DNA  plasmids,  which  makes  possible 
the  convenient  preparation  of  large  quantities  of  cloned  DNA  containing  the 
globin  gene  for  use  in  our  transcriptional  studies. 
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Project  Description: 

Objectives:  The  object  of  this  project  is  to  determine  the  structure 
of  chromatin  and  the  relationship  of  this  structure  to  its  biological  role 
in  cell  differentiation. 

Methods  Employed:   Spectrophotometry,  analytical  ultracentrifugation, 
dialysis  equilibrium,  and  other  standard  techniques  are  used  to  study  the    ^ 
binding  of  charged  molecules  to  DNA,  and  the  composition  of  the  regions  of 
DNA  to  which  these  molecules  are  bound.   Standard  chromatographic  and  elec- 
trophoretic  techniques  are  used  in  purification  and  identification  of  his- 
tones.   RNA  polymerase  is  purified  by  classical  enzymological  techniques  and 
its  activity  examined  by  membrane  filtration,  sucrose  gradient  sedimentation, 
or  radioisotope  incorporation.   DNA-RNA  hybridization  methods  are  used  to 
detect  presence  of  specific  polynucleotide  sequences.   Gel  electrophoresis 
methods  are  used  for  measuring  DNA  and  protein  size,  for  examining  nucleo- 
protein  preparations,  and  for  detecting  chemically  cross-linked  proteins 
within  chromatin.   Recombinant  DNA  technology  is  employed  to  generate  DNA 
fragments  of  defined  sequence,  or  to  insert  eukaryotic  DNA  fragments  into 
vectors  capable  of  propagation  in  bacteria.   All  such  work  is  carried  out  in 
appropriate  and  approved  facilities  under  NIH  guidelines.   Xenopus  oocytes 
are  isolated  and  used  for  transcription  studies. 

Major  Findings:   Nuclease  cleavage  sites  in  chromatin  -  We  have  extended 
our  studies  of  the  regular  array  of  fragments  generated  by  nuclease  attack  on 
the  basic  structural  unit  of  chromatin,  the  nucleosome.   Such  fragments  are 
produced  by  many  nucleases,  but  the  mode  and  site  of  attack  differs  for  each 
nuclease,  as  we  had  shown  earlier  for  pancreatic  DNase  and  spleen  acid  DNase. 
We  have  now  demonstrated  that  the  enzyme  staphylococcal  nuclease  cleaves  in 
such  a  way  as  to  leave  a  single  stranded  tail  two  nucleotides  long  (5'  end 
extended) ,  a  configuration  different  from  that  generated  by  either  of  the 
other  nucleases.   Despite  this  difference,  the  centers  of  symmetry  of  all 
three  enzymes'  cuts  coincide.   The  results  are  consistent  with  the  presence 
of  an  overall  dyad  for  the  nucleosome,  and  further  support  the  idea  of  a 
single  repeating  recognition  site  for  all  nucleases.   The  results  also  sug- 
gest that  a  rather  large  part  of  the  nucleosome 's  DNA  is  accessible  to  attack 
by  nucleases  (with  B.  Sollner-Webb,  now  at  Carnegie  Institution  of  Washington). 

Nucleosomes  containing  DNA  of  known  sequence  -  In  order  to  probe  nucleo- 
some structure  in  greater  detail,  we  have  reconstituted  nucleosomes  using 
cloned,  sequenced  DNA  fragments  140  base  pairs  in  length.   The  fragments  are 
labelled  either  uniformly  or  at  the  5'  terminus,  and  the  histone-DNA  complexes 
are  probed  by  nuclease  digestion.   Such  studies  reveal  that  most  of  the  DNA 
recombines  with  the  histone  in  a  unique  way,  i.e.  every  DNA  molecule  makes 
contacts  with  the  nucleosome  core  histones  at  identical  nucleotides.   The 
complex  will  thus  be  a  valuable  tool  for  studying  the  exact  contact  points   |^ 
between  histone  and  DNA  (with  J.  McGhee) .  ^ 

Histone  H3  interactions  -  We  find  that  nucleosomes  can  be  reconstituted 
using  either  reduced  histone  H3 ,  or  H3  which  has  been  dimerized  by  cross- 
linking  of  the  sulfhydryl  groups  of  the  cysteines  at  position  110.   These  are 
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the  only  sulfhydryl  groups  in  any  of  the  avian  histones.   The  nucleosomes 
formed  with  reduced  or  dimerized  H3  are  indistinguishable  by  the  methods  we 
have  employed.   The  result  gives  valuable  information  about  the  location  of 
sulfhydryl  groups  relative  to  the  nucleosome's  putative  dyad  axis,  and  pro- 
vide a  fixed  point  of  reference  for  other  histone  cross-linking  studies  (with 
R.  D.  Camerini-Otero .   This  work  continues  as  a  collaboration;  see  A&R:NIAMDD 
Annual  Report) . 

Purification  of  plasmids  -  In  the  course  of  our  work  in  isolation  of 
plasmids  containing  the  chicken  globin  genes,  we  have  developed  a  simple 
method  for  purification  of  closed  circular  DNA.   The  methods,  which  involves 
extraction  with  acidic  phenol,  frees  the  preparation  of  linear  DNA  and  nicked 
circles.   It  is  rapid  and  effective  over  a  wide  range  of  sizes  of  the  DNA 
circles  (with  M.  Zasloff  and  G.  Ginder) . 

Globin  gene  transcription  in  avian  reticulocyte  nuclei  -  We  are  continu- 
ing studies  of  the  synthesis  of  globin  mRNA  and  its  precursors  in  avian  reti- 
culocyte nuclei,  using  for  detection  plasmids  containing  cloned  globin 
sequences  derived  from  globin  cDNA  by  Dr.  W.  Salser.   The  first  goal  of  this 
work  is  to  study  transcription  under  conditions  that  minimize  RNA  degradation 
(with  W.  Wood  and  M.  Zasloff.   This  work  continues  as  a  collaboration  with 
Dr.  Zasloff,  now  in  A&R:NIAMDD;  see  A&R  Annual  Report). 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
Chromatin  is  the  nucleoprotein  complex  that  appears  to  contain  the  chemical 
information  for  cellular  differentiation.   Understanding  of  the  organization 
of  chromatin  proteins  on  DNA  and  the  way  in  which  they  affect  transcription 
and  other  DNA  functions  in  higher  organisms  will  lead  to  an  understanding  of 
how  cells  differentiate,  and  how  they  maintain  this  differentiated  state,  in 
which  only  a  relatively  small  fraction  of  the  total  gene  population  of  the 
cell  is  expressed.   This  is  a  central  problem  in  cell  biology. 

Proposed  Course  of  Project:   We  will  continue  to  study  the  organization 
of  nucleoprotein  in  the  neighborhood  of  the  globin  gene  of  avian  reticulo- 
cytes, and  other  active  genes.   We  are  also  continuing  studies  of  nucleosome 
structure  using  homogeneous,  sequenced  DNA  segments  in  the  nucleohistone  com- 
plexes.  We  will  study  globin  gene  expression  in  isolated  avian  reticulocyte 
nuclei,  as  well  as  in  Xenopus  oocytes.   In  the  latter  case,  plasmids 
containing  cloned  avian  globin  genes  will  be  used. 

Publications: 

Zasloff,  M.  and  Felsenfeld,  G. :   Analysis  of  in  vitro  Transcription  of  Duck 
Reticulocyte  Chromatin  Using  Mercury-Substituted  Ribonucleoside  Triphosphates. 
Biochem.  16:  5135-5145,  1977. 

Camerini-Otero,  R.D.  and  Felsenfeld,  Gary:   Histone  H3  Disulfide  Dimers  and 
Nucleosome  Structure.   Proc.  Natl.  Acad.  Sci.  74:  5519-5523,  1977. 
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Felsenfeld,  Gary:   Chromatin.   Nature  271:  115-122,  1978. 

Zasloff ,  Michael,  Ginder,  Gordon  D.  and  Felsenfeld,  Gary:  A  New  Method  for 
the  Purification  and  Identification  of  Covalently  Closed  Circular  DNA  Mole- 
cules.  Nucl.  Acids  Res.  5:  1139-1152,  1978. 

Gamer in i-Otero,  R.D.,  Sollner-Webb,  B.,  Simon,  R.H. ,  Williamson,  P., 
Zasloff,  M.  and  Felsenfeld,  G.:   Nucleosome  Structure,  DNA  Folding  and  Gene 
Activity.   Cold  Spring  Harbor  Symp .  Quant.  Biol.  XLIII:  57-75,  1978. 

Sollner-Webb,  Barbara  and  Felsenfeld,  Gary:   DNase  II  and  Staphylococcal 
Nuclease  Cut  at  Different,  Yet  Symmetrically  Located  Sites  in  the  Nucleosome 
Core.   Cell,  in  press. 
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SUMMARY  OF  wORK  (200  words  or  less  -  underline  keywords) 

The  Structure  of  the  bovine  proteolytic  enzyme,  v-ch'/motrypsin  has  been 
refined  to  1.9^  resolution  by  techniques  currently  available  to  the  Section 
on  Molecular  Structure.   These  include  difference  and  differential  Fourier 
analyses . 

A  model  of  the  acid  protease  from  Rhizopus  chinensis  has  been  constructed 
using  the  Molecular  Graphic  system  at  the  CNC ,  Chapel  Hill,  MC.   The  sequence 
of  amino  acids  is  only  partially  known,  and  a  tentative  sequence  has  been 
assigned  based  on  the  electron  density  map  and  the  known  amino  acid  composi- 
tion. 
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Project  No.  ZOl  AM  34002-14  LMB 
Project  Description: 

Obj  ectives :   The  determination  of  the  three-dimensional  structure  of 
proteolytic  enzymes,  in  particular,  the  structure  of  Y~chymotrypsin  and  of 
the  acid  protease  from  Rhizopus  chinensis. 

Methods  Employed;   X-ray  diffraction  analysis  of  single  crystals        '^JK 
including  heavy  atom  isomorphous  replacement,  model  building,  coordinate 
refinement  in  both  real  and  reciprocal  space,  and  computer  graphics. 

Major  Findings:   The  refinement  of  the  native  Y~chymotrypsin  by  differ- 
ence and  differential  Fourier  synthesis  has  now  been  completed  to  1.9A  reso- 
lution.  The  R  factor  is  25%  for  15,000  x-ray  data,  indicating  a  satisfactory 
stopping  point  for  the  refinement. 

2.   A  molecular  model  of  the  acid  protease  from  R.  chinensis  has  been 
constructed  by  fitting  a  protein  model  to  the  x-ray  diffraction  electron  den- 
sity map.   This  was  achieved  through  the  use  of  a  novel  molecular  graphics 
system  available  as  regional  resource  at  the  UNC,  Chapel  Hill,  NC .   This 
model  is  being  adjusted  prior  to  full  three-dimensional  refinement. 

Since  the  molecular  graphics  program  appears  to  offer  an  attractive 
alternative  to  the  traditional  Kendrew  mechanical  model,  plus  Richards' 
box  method  of  constructing  a  protein  model  to  fit  an  electron  density  map,  a 
major  effort  this  year  has  been  directed  towards  the  development  of  such  a 
program  on  the  NIH  computer  graphics  facility.   As  a  result,  there  now  exists^" 
on  the  NIH  graphics  system,  a  program,  "BILDER",  developed  by  R.  Diamond  of 
the  MRC  Laboratory,  Cambridge,  England.    This  is  a  complete  program  for  pro- 
tein molecular  modelling,  and  it  is  estimated  that  its  use  will  result  in 
considerable  time  savings  in  the  future. 

Proposed  Course:   To  refine  the  model  of  the  acid  protease  to  the 
highest  resolution.   To  investigate  the  mechanism  of  action  by  inhibitor  and 
low  temperature  studies. 

Significance  to  Bio-medical  REsearch  and  the  Program  of  the  Institute: 

Although  the  general  mechanism  of  action  of  the  serine  proteases  is  fairly 
well  understood,  there  is  still  some  disagreement  concerning  the  precise 
details.   The  refinement  of  y-chymo trypsin  at  high  resolution  and  different 
pH's  should  help  resolve  the  problem. 


The  acid  protease  is  one  of  a  large  class  of  enzymes  that  include  pepsin, 
rennin,  and  the  cathepsins.   It  has  sequence  homology  with  other  members  of 
the  class  and  the  elucidation  of  its  structure  should  ultimately  reveal  the  ^ 
mechanism  of  action  of  these  proteins. 

Publications:   None. 


« 


636 


JSMITHSG.'JIAfJ    3CI£MC£    I  I.FCfiMAT  I  ::i    EXCHArXSi  -1.3.    :c?ART''£M   Or  ?a:j£::    :.U.V:£H 

rSCJtCT   'JU.'.ISiR    ;Co    NOT    uss    -..Tis    s^acej      iKiALTH.    £DUCATi::i^    A.'.'O    (.'ELrAHE    ' 

'  '  °    MoirtcE'cF'''"^  """         JZOI  a:-I  34003-10  U-IE 

INTRAMURAL  RESEARCH  PROJECT 


j  PERIOD  COVERED 

I  October  1,  1977  to  September  30,  1973 


i TITLE  OF  PRQuECT  (30  charicters  sr  less) 

jCr^.'Stal  Structure  Investigation  of  Antigen  Antibody  Interaction 

hJAMES,    LA30RAT0RY    AfiO    iriSTITUTE   AFr  I  LI  AT  I  CHS,    AfJO    TITLES   OF    PRINCIPAL    INVESTIGATORS   ANO    ALL    OTHER 
PROFESSIONAL    PERSONNEL    ENGAGED    ON    THE   PROJECT 


PI: 


D.  R.  Davies 


PXHER;   £.  Padlan 

E.  Silver ton 

M.  Navia 

G.  Cohen 

Y.  Satow 


Chief,  Sec.  on  Mol.  Struc.     UB  MIAi-IDD 

Visiting  Scientist  L.XB  NIAMDD 

Research  Chemist  LMB  MIA^ODD 

Staff  Fellow  LMB  ^:IAMDD 

Research  Chemist  LMB  NIAMDD 

Visiting  Fellow  LMB  MIA>IDD 


i  COOPERATING    JMT3    (if    any) 

Laboratory  of  Cell  Biology,  Immunochemistry  Section,  MCI 
laboratory  of  Chemistry,  Carbohydrates  Section,  N'lAMDD 


:LA8/aRANCH 

.laboratory  of   Molecular   Biology 


'SECTION 

I 

Molecular   Structure   Section 


! INSTITUTE    AND    LOCATION 

;:UA>a)D,  N'lH,  Bethesda,  Maryland   20014 


TOTAL   MANYEARS: 


3-1/: 


PRCFtSSiOriAL: 


OTHER: 


3-1/2 


CHECK    APPROPRIATE    90X(ES) 
~   (a)      HUMAN    SUBwECTS 

^~   (a1  ;    MINORS       2   (^2)     INTERVIE»/S 


(b)    HUMAN    TISSUES 


3(c}    r;£ITHER 


I  SUMMARY    Or    /lORK    (200    -oras    or    less    -   underlice    keywords) 

iThe  immunoglobulin  Dob  structure  'nas  been  determined  at  the  quaternary  level. 
IThe  techniques  developed  in  solving  the  Dob  structure  have  been  applied  to  obtain 
la  solution  of  the  Fab  of  J539 ,  a  ^alactan  binding  mouse  mveloma  protein  at  4 . 5a 
resolution. 

iThe  McPC  603  Fab  model  has  been  completely  rebuilt  on  the  computer  graphics 
isystem  at  the  'dlZ,    Chapel  Hill,  and  is  now  being  prepared  for  refinement  at  3 . lA 
'resolution.   Photographic  data  to  2.7A  have  been  collected  and  will  be  used  when 
;processed . 
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Project   Description; 


Project   No.      ZOl  AiM  34003-10   LMB 


i 


Objectives :   A  comparative  investigation  of  the  crystal  structure 
of  the  Fab  fragment  of  immunoglobulin  molecules  that  bind  strongly  to  several 
differenct  antigens.   In  this  way,  it  is  hoped  to  map  out  the  binding  site  of 
antibodies  and  to  illustrate  the  mechanism  of  antigen-antibody  interaction. 

Methods  Employed:   Preparation  and  analysis  of  pure  materials.   Crystal-'^' 
lization  and  x-ray  diffraction  analysis  with:   a)  heavy  atom  isomorphous 
replacement,  b)  rotation  function,  c)  molecular  replacement  in  real  space. 
Model  building.   Computer  comparison  of  structures.   Computer  automated 
refinement  of  phases  and  atomic  coordinates. 

Major  Findings:   1.   The  investigation  of  the  quaternary  structure  of 
Dob,  a  human  IgG  cryoglobulin,  has  been  completed  at  6A  resolution.   The  major 
results  were:   a)  that  the  elbow  bend  of  the  Fab  was  148°,  differing  from 
those  Fabs  perviously  investigated;  b)  the  Fc  has  the  same  structure  as  in 
the  isolated  Fc ;  c)  the  complex  carbohydrate  of  the  Fc  provides  the  principal 
site  of  interaction  between  the  two  C  2  domains,  as  well  as  between  the  C  2 

and  the  CI  of  the  same  chain. 

H. 

2.  The  same  method  has  been  applied  to  the  structure  of  J539.   A  satis- 
factory model  has  been  obtained  at  4 . 5A  resolution.   The  elbow  bend  of  the 
Fab  appears  to  very  closely  resemble  that  found  in  other  isolated  Fabs. 

3.  The  complete  molecular  model  of  McPC  603  Fab  has  been  constructed,  ^^ 
using  newly  available  sequence  data  collected  by  Dr.  Stuart  Rudikoff  of  NBS .  ^ 
This  model  is  now  being  prepared  for  refinement. 

Proposed  Course:   1.   The  M603  structure  will  be  refined  using  real  and 
reciprocal  space  methods  that  have  proven  effective  on  other  proteins. 

2.  The  investigation  of  J539  will  be  continued  using  a  real  space 
molecular  replacement  procedure  as  was  done  with  "Dob"  as  well  as  other 
molecular  replacement  techniques. 

3.  Attempts  will  be  continued  to  obtain  crystals  of  other  mouse  myeloma 
proteins  and  rabbit  antibodies. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

An  understanding  of  the  molecular  basis  of  interaction  between  antibody  and 
antigen  is  fundamental  to  our  understanding  of  the  immune  response. 

Publications:  „ 

Silverton,  E.  W.,  Navia,  M.  A.  and  Davies,  D.  R. :   Three-dimensional  structure 
of  an  intact  human  immunoglobulin.   Proc.  Natl.  Acad.  Sci.  U.S.A.  74,  5140- 
5144,  1977. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

This  project  has  the  long  range  objective  of  studying  the  chemistry 
and  structure  of  nucleotides,  polynucleotides  and  nucleic  acids  and  the 
application  of  these  studies  to  the  understanding  of  biochemical  and  biolog- 
ical processes.   Topics  of  current  interest  include:   (1)  structure  and 
reactivity  of  polynucleotides  and  the  relation  between  the  two;  (2)  stabili- 
zation of  ordered  forms  of  nucleic  acids  and  polynucleotides;  (3)  spectro- 
scopic studies  of  polynucleotides:   infrared,  ultraviolet,  and  circular 
dichroism;  (4)  design  and  synthesis  of  new  polynucleotides  having  properties 
required  for  the  foregoing  studies. 
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Project  Description: 

Alkali  Metal  Ion  Specificity  in  the  Solution  Ordering  of  5 ' -G^-tP 

The  solution  ordering  of  the  5'-guanosine  monophosphate  dianion  has   ' 
been  shown  by  proton  magnetic  resonance  spectroscopy  to  be  dramatically  de- 
pendent on  the  nature  of  the  alkali  metal  counterion.   Li'  and  Cs  are  top 
small  or  too  large  to  assist  in  the  ordering  of  monomer  units,  whereas  Na  , 
K  and  Rb '  with  intermediate  ionic  radii  have  structure-directing  ability. 
Moreover,  the  number  of  self-3trT£ctures  and  their  stabilities  differ  for  the 
structure  forming  cations,  the  K'  complexes  being  the  most  stable.   This  is 
the  first  demonstration  of  the  ability  of  alkali  metal  ions  to  direct  struc- 
ture formation  of  a  nucleotide  through  a  selective  complexation  mechanism. 
The  observed  ion  specificity  is  intepreted  by  correlating  ion  size  with  the 
dimensions  and  ligating  ability  of  two  different  cavities  formed  by  planar, 
H-bonded  arrays  of  5 ' -GMP .   The  ordered  structures  are  formed  of  stacked 
plates  of  four  mutually  hydrogen  bonded  guanine  residues.   Each  square  planar 
tetramer  has  a  cavity  in  the  center  containing  four  carbonyl  oxygens,  each 
2.2  to  2.3  A  from  the  center.   Na  ,j_with  a  0-Na  ligand  distance  of  ^^  2.3  A, 
can  be  ligated  to  these  oxygens.   K'  (0-K.  ^^  2.3  A)  is  too  large  to  fit  in  the 
plane  but  can  fit  very  well  between  the  planes  coordinated  to  eight  carbonyl 
oxygens,  each  at  a  distance  ^^  2.8  A  from  K  .   Rb   is  similar  in  size  to  X. 
and  could  presumably  fit  in  the  same  cavity.   Li  and  Cs  are  too  small  or 
too  large,  and  their  salts  are  not  observed  to  undergo  complex  formation. 
,(Tn  collaboration  with  T.  J.  Pinnavaia,  Michigan  State  University  and 
E.  D.  Becker  and  C.  L.  Fisk,  Laboratory  of  Chemical  Physics.) 

Alkali  Metal  Ion  Specificity  in  Ordering  and  Stabilization  of  Poly(I)  and 
Poly(G) 

Poly(I)  has  an  ordered  helical  form,  thought  originally  to  be  3-stranded 
but  now  accepted  as  4-stranded,  with  a  planar  tetrameric  array  of  inosines  in 
the  center.   There  is  only  a  single  hydrogen  bond  (Nl  -^  06)  between  adjacent 
bases.   The  observed  stability  of  the  helix  has  been  surprising  since  this 
low  extent  of  hydrogen  bonding  has  not  been  observed  in  other  ordered  struc- 
tures, and  since  the  helix  has  in  addition  a  presumably  destabilizing  axial 
hole  or  cavity  in  the  center  of  the  tetrameric  arrangement  of  bases.   Since 
relevant  aspects  of  the  poly(I)  structure  resemble  those  of  the  neutral  GMP 
complexes  described  above,  we  have  examined  the  effect  of  different  alkali 
metal  cations  on  the  stability  and  spectroscopic  properties  of  poly(I)  .   Pre- 
liminary experiments  show  major  similarities  in  the  effect  of  alkali  metal 
ions  in  the  two  cases.   In  the  presence  of  Li  as  the  only  cation  the  ordered 
form  is  least  stable,  with  no  clear  sigmoid  melting  curve  and  anomalous  in- 
frared properties.   In  NaCl  the  helLs  shows  clear  sigmoid  melting  (T  30°  in 
.1  M  Na  )  and  characteristic  sharpening  of  the  carbonyl  band  compared  to  the 
coil  form.   K   has  a  striking  stabilizing  effect,  increasing  T  nearly  30°. 
Infrared  titrations  with  low  concentrations  of  X   in  0.2  M  LiCI  show  that  the 
structure  is  deteirmined  by  the  small  amount  of  X  present  and  that  binding 
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sites  of  the  two  cations  under  these  conditions  are  evidently  quite  different. 
We  conclude  that  the  binding  sites  of  K  are  probably  the  interplanar  posi- 
tions in  the  axial  hole  and  that  the  K-carbonyl  liganding  interaction  markedly 
stabilizes  the  structure.   There  appear  to  be  two  or  more  ordered  forms  in 
many  of  the  experiments,  which  we  presently  assume  to  be  related  variants  of 
a  basic  4-stranded  structure.   In  RbCl  poly(I)  exhibits  biphasic  melting, 
one  transition  lower  than  that  in  NaCl  and  one  higher.   The  phenomena  are 
evidently  complex  and  require  further  work  for  more  detailed  understanding. 

Infrared  experiments  with  the  Li   salt  of  poly(G)  showed  that  it  is 
appreciably  less  stable  than  the  Na   salt  (though  still  very  stable) .   At 
95°  the  helix  is  ^^   25%  melted,  whereas  the  Na   salt  shows  no  significant 
melting  under  the  same  conditions.   The  result  is  qualitatively  consistent 
with  those  discussed  above. 

Infrared  Spectroscopy  of  Polynucleotides  in  the  Carbonyl  Region  in  H^O 
Solution.   A'U  Systems 

Infrared  spectra  of  the  carbonyl  region  have  been  observed  in  D,,0 
solution  for  a  number  of  years,  but  this  spectral  region  has  hitherto  been 
inaccessible  in  H^O  because  of  strong  absorption  of  the  H„0  deformation 
vibration  at  ISAS^cm   .   It  is  important  to  observe  this  region  in  H-0  to 
obtain  information  not  available  in  D^O:   (a)  the  NH^  deformation  band  is 
not  present  in  D.O  because  of  exchange  and  is  not  visible  in  the  Raman  in 
H„0;  since  the  NH^  group  participates  in  hydrogen  bonding,  oNH^  should 
permit  direct  monitoring  of  such  bonding.   (b)  The  carbonyl  vibrations 
themselves  are  greatly  altered  in  H^O  because  of  coupling  with  5NH  and  5N  H, 
observed  in  the  1400  cm   region.  tc)    Interpretation  of  confusing  spectra 
obtained  in  D^O  can  be  facilitated  by  observing  spectra  of  the  same  molecules 
perturbed  by  the  isotopic  change  in  H^O. 

Reliable  spectra  were  obtained  in  pure  H^O  by  making  very  short  path 
cells  (5  u)  and  using  computer  subtraction  of"the  solvent  spectrum  from  that 
of  solution  measured  in  the  same  cell.   Because  cell  problems  made  the  tech- 
nique often  quite  difficult,  a  more  convenient  procedure  was  developed  with 
mixed  solvents.   The  central  difficulty  with  H^O  as  a  spectroscopic  solvent 
is  not  a  high  molar  absorbance  (e  is  only  20  compared  to  l  of  600  for  5NH^  of 
AMP)  but  its  high  molar  concentration  (55  M  compared,  for  example,  to  O.l'M 
for  poly(A)).   Dilution  of  H^O  with  MeOH  or  ethylene  glycol  reduced  the  water 
concentration  and  permitted  good  spectra  to  be  obtained  conveniently  by 
standard  double  beam  compensation  methods. 

We  find  that  poly(A)  has  a  strong  NH^  deformation  band  at  1659  cm 
coupled  to  an  A  ring  vibration  at  1605  cm  .  Poly(U)  has  a  broad  band  at  ^^ 
1695  cm  ,  predominantly  C2  carbonyl  stretch,  an  unresolved  C4  carbonyl  band 
(probably  near  1660  cm  ),  and  a  ring  vibration.,  at  "^  1636  cm  .  In  poly(A)* 
poly(U)  the  C2  carbonyl  has  shifted  to  1714  cm  and  the  C4  carbonyl  to  1672 
cm  .  5NH.,  of  A  appears  only  as  a  shoulder  on  the  low  frequency  side  of  the 
1672  cm   Band  and  the  A  ring  vibration  has  shifted  to  1618  from  1608  cm 
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A  number  of  other  A,  U  systems  have  been  characterized  in  H„0,  and  two  un- 
resolved problems  with  D~0  spectra  have  been  clarified. 

Copolymers  of  A  and  2-NH  A.   Stability  Relationships  of  helical  complexes.   M^ 
Interaction  of  electronic  transitions  observed  by  circular  dichroism.        ^ 

Our  previous  studies  of  poly(2NH„A)  showed  that  the  2-amino  group  forms 
a  third  hydrogen  bond  (to  the  C2  carbonyl) ,  causing  a  large  elevation  of  T 
for  the  2  -»■  1  transition.   In  the  phase  diagram  of  this  system  a  much  greater 
resolution  of  2  -*-  1  and  3  ->  2  transitions  than  is  observed  than  for  poly  (A)  , 
poly(U)  ,  and  the  2  ->  3  disproportionation  reaction  appeared  to  be  completely 
abolished.   In  the  presence  of  Et.N  counterion  poly(2NH2A)  and  poly(U)  do 
not  form  a  triple  helix,  in  contrast  to  poly (A)  and  polytu) .   In  order  to 
study  these  and  other  consequences  of  introducing  a  third  hydrogen  bond,  we 
have  prepared  a  series  of  A,  2NH  A  random  copolymers  of  varying  composition. 
In  addition  to  its  importance  for  A-U  interactions  this  series  provides 
information  relevant  to  G-C  pairing  which  is  not  directly  accessible  because 
of  strong  G'G  interactions  in  polymers  having  a  high  proportion  of  G. 

Binary  copolymers  of  A  and  2NH^A  were  synthesized  containing  75%,  52% 
and  33%  of  2NH  A.   Stoichiometry  ofthe  poly(U)  complexes  of  these  polymers 
was  determined  by  computer  analysis  of  ultraviolet  and  CD  spectra.   Melting 
curves  and  complete  phase  diagrams  were  determined  for  each  system  using  both^ 
Na  and  Et,N  as  counterion.  tr 

The  2  -*-  3  transition  (2A-U  ^  AU^  +  A)  ,  which  had  not  been  observed  with 
poly(2NH^A) -polyCU) ,  was  found  to  occur  in  high  salt  with  the  copolymers  con- 
taining 33  and  52%  2NH„A  but  not  with  the  75%  2NH  A  copolymer.   Extrapolation 
of  the  T  -composition  relation  indicated  a  T  of  roughly  109°  in  1  M  NaCl, 
confirming  that  the  reaction  cannot  be  observed  with  the  homopolymer  helix 
under  ordinary  conditions.   We  have  found  that  T  for  the  disproportionation 
reaction  can  be  selectively  lowered,  however,  by  use  of  organic  solvents. 
The  2^3  reaction  is  known  to  be  entropically  driven  for  poly(A) -polyCU) 
(since  the  enthalpy  of  the  reaction  is  positive) ,  presumably  by  increase  in 
conformational  entropy  of  the  partially  stacked  poly(A)  released  by  the 
reaction.   Ethylene  glycol  causes  unstacking  of  poly(A) ,  and  we  find  a  large 
decrease  in  T  of  the  2^3  transition  but  relatively  small  decreases  in  T^ 
of  2  -^  1  or  3^^^  1  transitions.   By  addition  of  50%  ethylene  glycol  we  wer^ 
thus  able  to  observe  disproportionation  of  poly (U) -poly (2NH2A)  (T^  66,  Na 
0.26,  glycol,  50%)  and  of  the  copolymer  complex  (T^  55°). 

Poly(2NH^A) ,  in  contrast  to  poly(A) ,  does  not  form  a  triple  helix  with 
poly(U)  in  Et.N  .   We  have  found,  however,  the  copolymers  containing  33  and  jJT 
52%  2NH  A  do  form  triple  helices  and  have  extrapolated  T   (3^2)  to  obtain 
an  estimate  of  '^  -50°  for  this  transition  in  the  homopolymer  complex.   While 
this  result  clearly  establishes  that  a  triple  helix  cannot  exist  in  aqueous 
solution,  it  remains  unclear  why  the  2-NH  group  destabilizes  the  triple 
helix  by  ^   70° . 
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In  previously  investigated  polynucleotide  helices  having  base  pairs  of 

differing  stability  (e.g.  DNA,  (C,BrC)-(I),  (U,BrU)-(A),  (C,MeC)-(I),  (U.MeU) ' 

(A))  the  dependence  of  T  on  mole  fraction  of  one  kind  of  base  pair  has  been 

m 
linear.   The  copolymer  A'U  helices  described  above,  however,  show  a  parabolic 

rather  than  a  linear  relation  of  T  on  X,  indicating  a  slight  sequence  de- 
pendence of  stability.   The  transition  breadths  of  the  melting  curve  show  a 
dependence  on  base  composition  consistent  with  theoretical  calculations  of 
Crothers,  Kallenbach,  and  Zimm. 

Publications : 

Govil,  G.,  Fisk,  C,  Howard,  F.B.  and  Miles,  H.T.:   Structure  of  Poly  8- 
Bromoadenylic  Acid:   Conformational  Studies  by  CPF  Energy  Calculations. 
Nucleic  Acids  Research  4:   2573-2592,  1977. 

Howard,  F.B.,  Hattori,  M.,  Frazier,  J.  and  Miles,  H.T.:   A-I  and  A'G  Poly- 
nucleotide Pairing.   Controlling  Effect  of  Amino-Group  Hydrogen  Bonds  to 
Solvent  Water.   Biochemistry  16:   4637-4646,  1977. 

Howard,  F.B.  and  Miles,  H.T.:   Interaction  of  Poly (A)  and  Poly (I) .   A 
Reinvestigation.   Biochemistry  16:   4647-4650,  1977. 

Miles,  H.T.  and  Frazier,  J.:   Infrared  Spectroscopy  of  Polynucleotides  in 
the  Carbonyl  Region  in  H^O  Solution.   A"U  Systems.   Biochemistry,  in  press. 

Pinnavaia,  T.J.,  Marshall,  C.L.,  Mettler,  CM.,  Fisk,  C.L.,  Miles,  H.T. 
and  Becker,  E.D.:   Alakli  Metal  Ion  Specificity  in  the  Solution  Ordering  of 
a  Nucleotide,  5'-Guanosine  Monophosphate.   Journal  of  the  American  Chemical 
Society,  in  press. 
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SUMMARY  OF  WORK  (200  «ords  or  less  -  underline  keywords) 

Studies  on  replication  of  plasmid  Col  El  DNA  have  been  continued. 
Nucleotide  sequence  of  the  region  around  the  origin  of  replication  has 
been  determined.  -The  region  of  about  600  base  pairs  was  found  to  be 
essential  for  replication  and  maintenance  of  the  plasmid.   Initiation 
of  replication  from  the  specific  region  can  be  initiated  with  RNA  poly- 
merase, RNase  H  and  DNA  polymerase  I.   A  hybrid  plasmid  containing  both 
origins  of  replication  of  Escherichia  coli  chromosome  and  plasmid  Col  El 
was  isolated. 
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Project  Description: 

Replication  of  closed-circular  colicin  El  plasmid  (Col  El)  DNA  can  be 
initiated  and  completed  in  extracts  of  Escherichia  coli.   Replication  of 
the  plasmid  DNA  depends  entirely  on  the  host  functions  and  no  plasmid  en- 
coded proteins  are  required.   .\  fragment  (63  L-fragment)  which  has  a  sedi- 
mentation constant  of  approximately  6  S  is  first  synthesized  from  a  speci- 
fic region  on  the  H-strand.   U'e  fractionated  active  components  (for  syn- 
thesis of  63  L-fragments)  in  the  cells  extract.   It  was  found  that  RNase  fi 
is  required  in  addition  to  RNA  polymerase  and  DNA  polymerase  I.   Without 
the  addition  of  R^Jase  H  some  nonspecific  DNA  synthesis  was  observed  on  the 
plasmid  DNA.   However,  for  specific  initiation,  R^Iase  1-i  is  essential. 
Subsequent  synthesis  after  the  synthesis  of  63  L-fragments  is  carried  out 
by  an  entirely  different  mechanism  from  that  for  the  synthesis  of  the  first 
fragments.   This  second  stage  synthesis  does  not  require  RNA  pol-merase 
but  requires  various  other  _E.  coli  functions.   Those  functions  include 
dnaB,  dnaC  proteins. 

Col  El  DNA  synthesis  in  cell  extracts  is  inhibited  by  novobiocin  and 
nalidixilic  acid.   Both  of  these  chemicals  are  shown  to  be  specific  in- 
hititors  of  DNA  gyrase.   Col  El  DNA  has  a  limited  number  of  sites  where  the 
DNA  is  cleaved  by  DNA  gyrase  at  a  defined  condition. 

A  fine  restriction  enzyme  map  of  Col  El  DNA  was  made  and  nucleotide 
sequences  of  about  2000  base  pairs  were  determined. 

Plasmids  containing  a  minimum  amount  of  Col  El  DNA  have  been  con- 
structed.  The  results  obtained  with  these  plasmids  show  that  a  region  of 
about  600  base  pairs  is  essential  for  replication  and  maintenance  of  Col 
El  plasmid. 

Plasmids  which  contain  both  the  origin  of  replication  of  _E.  coli 
chromosome  and  that  of  Col  El  plasmid  have  been  constructed.   These  plasmids 
should  be  useful  for  elucidating  the  mechanisms  of  replication  of  E^.  coli 
chromosome . 

A  method  to  detect  methylated  cytosine  in  a  DNA  sequence  was  developed. 

Publications : 

Itoh,  T.  and  Tomizawa,  J.:   Involvement  of  DNA  gyrase  in  bacteriophage  T7 
DNA  replication.   Nature  270:   78-80,  1977. 

Tomizawa,  J.:   Replication  of  colicin  El  Plasmid  DNA  in  vitro .   In 
Halineux,  I.  and  Kohiyama,  M.  (Eds.):   DNA  Synthesis:   Present  and  Future. 
New  York,  Plenum  Publishing  Corp.,  1977,  pp.  797-826. 
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Ohmori,  H.,  Tomizawa,  J.,  and  Maxam,  A.M.:   Detection  of  5-niethylcytosine 
in  DNA  sequences.   Nucleic  Acids  Research  5:   147  9-1485,  1978. 
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SUMMARY  OF  ^JORK  (200  words  or  less  -  underline  keywords) 

Tn9  is  a  transposible  genetic  element  derived  from  a  Resistance 
Transfer  Factor  (RTF)  which  can  be  transposed  to  a  number  of  unrelated 
genomes  including  bacteriophage  \.   Tn9  consists  of  a  sequence  encoding 
chloramphenicol  acetyl  transferase  (cam)  bracketed  by  direct  repeats  of 
the  insertion  sequence  ISl  (ISl-cam-ISl)  .   We  previously  isolated  a  .\bio 
(biotin  transducing)  Tn9  which  has  the  structure  \bio  ISlcamlSX .   In  this 
phage,  the  ISl  copies  bracketing  cam  can  also  be  considered  as  bracketing 
the  Xblo ■   Our  experiments  show  that  this  allows  the  \bio  to  act  as  a 
transposon. 

First,  the  Xbio  Tn9  phage  was  found  to  lysogenize  E^.  coli  under 
conditions  where  host  recA  and  phage  int  xis  and-red  functions  were 
deficient.   The  frequency  of  Xbio  lysogens  ('^^10   per  infected  cell) 
was  similar  to  that  of  transposition  of  cam .   The  Xblo  lysogens  do  not  carry 
cam   ~" 


The  Xbio  could  then  transpose  to  at  least  two  sites  on  an  F'gal  plasmid 
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as   shown  by   restriction   endonuclease   analysis.      Electron  microscopy   of 
appropriate  heteroduplexes    show   that   ISl    is    present   at    the  junctions   of    F'DNA 
and    Xbio .      Thus,    the   insertion  of   Tn9    into   a   replicon   provides    the   replicon 
itself   with   transposing   activity. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  have  been  working  on  the  molecular  basis  of  transformation  by 
Simian  virus  40.   We  have  confirmed  that  viable  deletion  mutants  which  produce 
no  little  t_  antigen  are  defective  in  transformation  when  confluent  cells  are 
treated  with  virus.   On  the  other  hand  transf ormants  produced  in  rapidly 
growing  cells  and  selected  either  by  their  ability  to  form  foci  on  plastic 
or  to  grow  in  soft  agar  are  indistinguishable  from  wild-type  transf ormants . 
It  has  recently  been  demonstrated  that  SV40  can  cause  transformation  in  two 
ways,  distinguishable  only  when  the  virus  contains  a  temperature-sensitive 
mutation  in  the  big  T  antigen.   We  have  therefore  constructed  temperature 
sensitive  mutants  which  also  contain  viable  deletions  and  are  currently 
characterizing  cell  lines  transformed  by  these  double  mutants.   A  working 
model  has  been  devised. 
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Project  Description: 

Objective;   To  analyze  the  molecular  basis  of  transformation  by  SV40 
using  conditional  lethal  and  viable  deletion  mutants. 

Major  Findings:   (a)   We  have  measured  the  turnover  rate  of  T  antigen 
in  transformed  cells  under  a  variety  of  conditions.   In  cells  transformed 
by  wild-type  virus,  the  T  antigen  protein  turns  over  with  a  half  life  of 
approximately  50  hours,  whereas  the  half  life  of  the  phosphate  group  is 
approximately  3  hours.   Whether  the  turnover  of  the  phosphate  is  related 
to  regulation  of  the  T  antigen's  activity  or  part  of  its  active  site,  has 
not  been  determined.   (Edwards  and  Martin). 

(b)  Starting  with  viruses  containing  a  temperature  sensitive  mutation 
in  the  T  antigen,  secondary  deletion  mutants  have  been  generated.   These 
deletion  mutants  are  defective  in  the  production  of  little  t  antigen 
(Setlow,  DiLauro,  Edwards  and  Martin). 

(c)  Chinese  hamster  lung  cells  have  been  transformed  with  a  number  of 
different  viable  deletion  mutants  under  a  variety  of  conditions.   We  have 
demonstrated  that  the  frequency  of  transformation  by  these  deletions  is 
only  slightly  reduced  when  assayed  by  focus  formation.   The  reduction  is 
somewhat  greater  but  still  less  than  10  fold  if  the  cells  are  rapidly 
growing  at  the  time  of  treatment  with  virus  but  then  assayed  by  the 
ability  to  form  colonies  in  soft  agar.   This  frequency  however  is  reduced  to 
a  few  percent  when  confluent  cells  are  treated  with  virus.   (Setlow,  Self 
and  Martin.)   The  isolated  transformed  cell  lines  grow  in  soft  agar  whether 
isolated  as  foci  or  in  soft  agar  and  are  deficient  in  small  t  antigen. 
(Edwards  and  Martin) . 

(d)  We  have  started  analyses  of  DNA  synthesis  in  normal  CHL  cells,  by 
fiber  radioautography  to  determine  whether  the  interval  between  origins  of 
DNA  replication  changes  during  S  phase.   The  slides  have  been  prepared  for 
fiber  radioautography  but  require  6  months  of  exposure  time  before  they 
can  be  analyzed.  (Setlow  and  Martin). 

(e)  Inbred  hamsters  have  been  inoculated  with  the  viable  deletions  to 
determine  whether  or  not  they  are  tumorogenic. 

Publications: 
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Persico-DiLauro,  M.,  Martin,  R.  G.  and  Livingston,  D. :   Interaction  of  Simian 
Virus  40  chromatin  with  Simian  Virus  40  T-antigen.   J.  Virol.  24_,  451-460,  1977^ 

Martin,  R.  G. :   On  the  nucleoprotein  core  of  Simian  virus  40.   Virology  83_, 
433-437,  1977. 


Oppenheim,  A.  and  Martin,  R.  G.:   Iniation  points  for  DNA  replication  in 
nontransformed  and  Simian  virus  40-transformed  BALB/c  3T3  cells.   J.  Virol. 
25,  450-452,  1978. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  main  project  during  the  period  was  a  study  of  the  influence  of  nearest 
neighbor  interactions  on  enzyme  kinetics.  From  the  point  of  view  of  statistical 
physics,  this  work  is  an  extension  of  the  Ising  problon  (lattice  of  2-state 
interacting  units  at  equilibriLim)  to  multi-state  units  at  a  steady-state 
arbitrarily  far  from  equilibrium.  Transients  can  also  be  studied,  but  we  have 
spent  little  time  on  this  aspect  so  far.  The  equilibrium  problem  itself  is 
famous  for  its  mathematical  difficulty.  Except  for  small  systems  and  one- 
dimensional  special  cases,  we  have  been  forced  to  use  the  Monte  Carlo  method 
and  the  mean  field  (Bragg-Williams)  approximation  in  the  steady-state  work. 
Several  novel  critical  and  phase  transition  properties  have  been  found  in  these 
steady-state  systems.  The  behavior  of  the  enzyme  flux  is  of  particular  interest, 
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The  work  (above)  on  infinite  lattices  may  have  application  to  the  purple 
membrane  two-dimensional  lattice  (bacteriorhodopsin) ,  and  related  natural 
and  synthetic  enzyme  lattices  of  the  future.  Applications  to  current  bio- 
chemistry would  concern  small  enzyme  aggregates  or  complexes  in  which  enzyme 
activity  of  the  units  is  different  in  the  complex  and  in  their  mDnoneric  form.  ^ 
This  latter  topic  will  be  pursued  next  year  with  Dr.  Sidney  Bemhard  (Fogarty 
Scholar) . 

The  first  phase  of  a  four  year  project  on  muscle  modelling  (with 
Evan  Eisenberg)  is  now  ccmpleted  and  will  be  written  up  for  publication  soon. 
We  have  found  a  foxor-state,  single-site  model  that  represents  both  iscmetric 
transient  and  steady  contraction  data  very  well.  This  model  conforms,  more- 
over, with  current  thinking  on  the  biochemistry  and  kinetics  of  rayosin- 
actin-ATP  systems  in  solution.  However,  it  is  only  a  first  step  toward  a  more 
complete  model. 

We  are  extending  our  previo\is  work  with  Britton  Chance  to  a  full  model 
of  the  respiratory  chain  enzymes  (four  isopotential  "pools"  with  a  "site 
enzyme"  between  each  pair  of  pools) .  At  the  same  time,  we  are  including 
transients  as  well  as  steady-state  studies.  The  carplexity  of  this  expanded 
system  requires  use  of  the  ^fonte  Carlo  method. 

Publications : 

Hill,  Terrell  L. :   "Virial"  expansion  of  enzyme  flux  and  use  of  quasi-chemical  ^ 
approximation  for  two-state  enzymes  with  enzyme-enzyme  interactions. 
Proc.  Natl.  Acad.  Sci.  USA  74_,  5227-5230,  1977. 

Hill,  Terrell  L. :  Unsymmetrical  and  concerted  exanples  of  the  effect  of 
enzyme-enzyme  interactions  on  steady-state  enzyme  kinetics.  Proc.  Natl.  Acad. 
Sci.  USA  75,  1101-1105,  1978. 

Hill,  Terrell  L.  and  Chen,  Yi-der:  Monte  Carlo  calculations  on  critical 
behavior  in  two-state,  steady-state  Ising  systems.  J.  Chem.  Phys.  (in  press) . 

Hill,  Terrell  L.  and  Stein,  Leonard:  Critical  behavior  of  two-state,  steady- 
state  Ising  systems,  according  to  the  Bragg-Williams  approximation.  J.  Chem. 
Phys.  (in  press) . 

Hill,  Terrell  L.  and  Chen,  Yi-der:  Interacting  enzyme  systems  at  steady  state: 
Location  of  the  phase  transition  in  approximations  of  the  mean  field  type. 
Proc.  Natl.  Acad.  Sci.  USA  (in  press) . 

Hill,  Terrell  L.  and  Chance,  Britton:  Steady-state  kinetics  of  models  of 
respiratory  chain  enzymes  with  isopotential  pools  and  conformational  site 
enzymes.  J.  Theoret.  Biol,  (in  press) . 
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Annual  Report  of  the 

Mathematical  Research  Branch 

National  Institute  of  Arthritis,  Metabolism,  and  Digestive  Diseases 

A  numerical  method  to  solve  for  the  facilitated  diffusion  of  oxygen  in 
the  presence  of  hemoglobin  or  myoglobin  was  reported  previously.  The  analysis 
of  the  experimental  observations  of  Wittenberg  and  Scholander  has  been  com- 
pleted. A  manuscript  incorporating  these  results  is  near  completion.  Especial 
attention  is  given  to  the  physicochemical  interpretation  of  the  solutions. 
The  numerical  results  corroborates  that  the  experimental  facilitated  diffusion 
can  be  interpreted  as  an  added  effect  of  the  diffusion  of  a  protein  carrier. 
The  analysis  has  been  extended  to  the  situation  where  membranes  impermeable  to 
the  protein  carrier  are  located  on  the  diffusion  path.  This  situation  exists 
in  the  striated  muscle.  This  analysis  permits  estimation  of  the  extent  to 
which  in  vitro  facilitation  holds  in  the  in  vivo  situations.  It  has  been 
commonly  stated  that  when  the  association  coefficient  k'  is  very  large  or 
relatively  much  larger  than  the  disassociation  coefficient  k  in  the  reaction 
k' 

0  +  X  ^  OX,  the  facilitation  is  abolished  (Gibson,  Wittenberg).  In  the 

k 
context  used  by  those  authors  that  statement  is  correct.  However,  in  the 
course  of  this  research  it  was  found  that  the  presence  or  absence  of  facili- 
tation depends  not  only  on  the  actual  values  of  those  coefficients  of  the 
chemical  kinetics  but  also  upon  the  length  of  the  diffusion  paths  and  on  the 
boundary  conditions.   (Dr.  J.  Gonzalez-Fernandez  and  Mrs.  S.  Atta) 

Mathematical  problems  and  solutions  related  to  various  aspects  of  repet- 
itive nerve  activity  continue  to  be  studied.  As  is  well  known,  the  space- 
clamped  Hodgkin-Huxley  equations  exhibit  stable  periodic  behavior  for  a 
current  step  I  if  I  <  I  <  12-  Additional  unstable  periodic  solutions  for 

1  <  I  <  L  where  l^   <   lo  have  recently  been  found.  These  were  obtained,  and 
V      1       1    2  -^ 

their  instability  demonstrated,  by  applying  a  previously  developed  numerical 
method  which  is  insensitive  to  the  stability  of  a  periodic  solution.  In  this 
way  and  through  mathematical  bifurcation  theoretic  concepts  a  complete  descrip- 
tion of  the  periodic  solutions  as  functions  of  the  parameters  I  and  temperature 
is  provided.   In  addition  to  the  stable  and  unstable  oscillatory  solutions  for 
I^  <  I  <  I-,,  the  system  also  has  a  stable  steady  state  in  this  current  range; 

for  I,  <  I  <  I2,  the  steady  state  is  unstable.  This  multiplicity  of  stable 

states  implies  hysteresis  phenomena;  implications  and  qualitative  comparisons 
of  theory  with  experimental  observations  and  possibilities  are  made.  After 
release  from  a  small  step  of  current  the  four  variable  Hodgkin-Huxley  system 
exhibits  damped  subthreshold  oscillations  back  to  rest.  This  behavior  has 
been  studied  previously  by  others  by  formally  introducing  a  two  variable 
(membrane  potential  and  potassium  activation)  reduced  model.  Now  it  is  shown 
how  the  reduction  can  be  made  by  a  systematic  scaling  and  perturbation  treat- 
ment of  the  linearized  system  at  rest.  Temperature  dependence  of  the  approxi- 
mation to  the  subthreshold  oscillation  frequency  is  determined  and  shown  to 
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compare  well  with  the  exact  values  for  the  full  four  variable  system.  Further- 
more the  reduced  model  is  applied  to  approximate  the  critical  value  I-,  and  the 

associated  frequency.  The  non-space-clamped  Hodgkin-Huxley  cable  equation 
exhibits  repetitive  trains  of  propagating  impulses  and  the  firing  frequency 
depends  on  the  stimulus.  A  corresponding  family  of  periodic  traveling  wave 
solutions  and  their  dispersion  relation,  propagation  speed  versus  firing      , 
frequency,  for  different  temperatures  has  been  computed.  The  speed  decreases,  ( 
and  in  some  cases  considerably,  from  the  solitary  pulse  to  the  maximum  fre- 
quency wave  train.  There  is  also  a  branch  of  smaller  amplitude  and  slower 
traveling  waves  which  coalesces  with  the  larger  amplitude  branch  at  maximum 
frequency.  Solutions  on  the  lower  branch  are  presumably  unstable  solutions  to 
the  cable  equation.  This  conjecture  is  based  on  explicit  results  for  a  simple 
model  equation  investigated  previously  in  this  project.  Discussions  and  model 
formulation  related  to  experiments  on  a  nudibranch  mollusc  are  continuing  with 
Dr.  D.  L.  Alkon  (NINCDS,  LB,  Woods  Hole)  and  Drs.  Rail  and  Miller.  (Dr.  J. 
Rinzel) 

The  behavior  of  a  new  nearest  neighbor  algorithm  for  high  dimensional 
spaces  was  further  explored  both  theoretically  and  by  computer  simulations. 
The  algorithm,  which  projects  distances  from  a  d  dimensional  (object  space) 
to  an  r  dimensional  image  space,  r  <  d  and  chooses  the  optimum  r  dimensional 
space  by  principal  components  analysis,  depends  for  its  effectiveness  on  the 
probability  that  a  distance  in  the  image  space  is  larger  than  the  smallest 
distance  in  the  object  space.  For  the  case  of  normally  distributed  coordinates 
with  equal  variance  in  each  dimension,  this  probability  was  computed  for 
various  values  of  the  number  of  points  and  dimensionality.  Computer  simu-    J. 
lations,  checked  by  comparison  with  the  theoretical  distributions  were  then    \ 
used  for  more  general  cases.  Earlier  results,  that  the  algorithm  is  effective 
over  a  wide  range  od  dimensions  and  library  sizes  were  confirmed  and  refined. 
In  collaboration  with  Dr.  Lawrence  Grouse,  LMG,  NICHD,  a  study  of  present 
methods  of  analyzing  results  of  DNA  and  RNA  hybridization  experiments  was 
begun.  Transformations  of  the  general  second  order  equation  which  make 
possible  use  of  computer  programs  designed  for  the  pseudo-first  order  equation 
have  been  presented.  Guidelines  for  the  use  of  the  two  simplifying  forms  of 
the  second  order  equation  -  that  for  equal  initial  concentrations,  and  for  a 
"vast  excess"  of  one  (pseudo  first  order)  have  been  computed.  As  part  of  a 
continuing  attempt  to  integrate  graph  theoretic  and  matrix  methods  for  a 
better  attack  on  many  problems,  a  series  commonly  encountered  in  statistics 
was  shown  by  graph  methods  applied  to  a  continuant  matrix  to  obey  a  second 
order  recursion  relation,  and  to  be  summable  by  the  methods  of  finite  difference 
equations.  Also  a  previously  published  matrix  theorem  was  used  to  generalize 
to  a  cuttable  matrix  results  proved  by  Schlegel  for  a  special  tridiagonal 
matrix.  (Ms.  R.  B.  Marimont,  Associate  member,  MRB) 

Studies  are  being  conducted  to  gain  insight  into  the  nature  of  the  elec-  ^0 
trical  behavior  of  cells  whose  function  includes  transduction,  integration,    f 
and  transmission  of  electrical  signals.  This  work  consists  of  mathematical 
treatment  of  problems  related  to  details  of  specific  experiments  as  well  as 
more  general  theoretical  considerations.  Subtle  and  difficult  mathematical 
and  statistical  questions  arise  in  the  analysis  of  transient  data  from  intra- 
cellular recordings  from  tissue  cultured  neurons.  We  wish  to  use  this  data  to 
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estimate  the  parameters  which  determine  the  passive  electrical  response  of  the 
neuron  cell  bodies  to  signals  originating  in  the  periphery.  In  problems  such 
as  this  one,  small  amounts  of  noise  can  cause  inconsistent  parameter  estimates. 
Specialized  techniques  for  solving  such  problems  are   now  being  investigated, 
(with  Dr.  Rail  and  Drs.  Nelson  and  MacDonald  of  the  Behavioral  Biology  Branch, 
NICHD).  Study  continues  on  the  model  of  the  visual  system  of  the  nudibranch 
mollusk  Hermissenda  Crassicornis.  Experience  with  the  model  devised  last  year, 
along  with  careful  examination  of  the  experimental  data  and  discussions  with 
Dr.  D.  L.  Alkon  (LB,  NINCDS,  MBL,  Woods  Hole)  have  led  to  considerable  revi- 
sion of  the  earlier  model.  The  current  model  reflects  our  belief  that  passive 
cable  properties  are  not  so  important  as  we  had  originally  supposed  to  the 
function  of  the  neuron.  The  new  model  also  takes  a  wider  range  of  phenomena 
into  account,  including  ion  accumulation  in  the  periaxonal  space  and  active 
pumping  of  sodium  and  potassium  ions,  (with  Drs.  Rail  and  Rinzel)  Several 
of  the  original  objectives  of  our  study  of  periodic  traveling  wave  solutions 
to  nerve  model  equations  have  now  been  met.  Dispersion  relations  for  the 
Hodgkin-Huxley  model  have  been  computed  for  two  temperatures.  We  have  shown 
the  Hodgkin-Huxley  axon  to  be  highly  dispersive,  and  we  have  exhibited  the 
dependence  of  the  dispersion  relation  upon  temperature.  We  have  used  the 
numerical  method  developed  for  this  study  to  compute  the  bifurcation  diagram 
for  the  space-clamped  Hodgkin-Huxley  model,  and  determine  its  stability  char- 
acteristics. Some  of  the  results  of  this  study  were  presented  at  the  AAAS 
Symposium  on  Mathematical  Questions  in  Biology  in  February.  An  abstract  of 
that  presentation  appeared  in  the  January  Notices  of  the  American  Mathematical 
Society,   (with  Dr.  Rinzel)  (Dr.  R.  Miller) 

Given  an  open  chemical  system  in  a  pre-steady  state,  then  product  forma- 
tion will  approach  a  linear  (stationary)  phase.  For  more  than  20  years  the 
equation  of  this  line  has  been  of  interest  in  parameter  estimation  in  enzyme 
kinetics,  in  connection  with  transient  lines  for  coupled  enzyme  assay  and  in 
the  theory  of  metabolic  hemoestasis.  Treatment  has  been  on  a  case  by  case 
basis  with  liberal  approximation.  The  general  and  rigorous  formulation  is 
now  available  for  any  system  such  that  the  system  matrix  is  Hessenberg.  Tran- 
sient times  can  be  written  down  independent  of  the  number  of  subsystems  in  the 
coupled  enzyme  case.  For  an  ordered  sequence  (the  special  but  most  frequent 
case  in  practice)  the  transient  time  is  expressible  as  a  rational  algebraic 
function  of  the  rate  constants  using  well  known  steady  state  kinetics  formu- 
lations.  (Dr.  J.  Z.  Hearon) 

The  following  is  a  summary  of  the  individual  and  collaborative  efforts 
of  Dr.  J.  Stephenson  and  Mr.  R.  Mejia,  NLHBI,  Associate  Members  MRB;  Dr.  A. 
Weinstein,  Staff  Fellow,  NLHBI. 

During  the  past  year  work  has  continued  on  the  theory  of  transport  and 
flow  process  in  epithelia  and  the  kidney.  Areas  of  current  work  include  (1) 
the  thermodynamic  and  kinetic  analysis  of  flow  processes,  (2)  the  qualitative 
analysis  of  equations  describing  kidney  models,  (3)  the  development  of  analy- 
tical solutions  of  kidney  models  and  (4)  the  general  theoretical  analysis  of 
numerical  methods. 

Investigation  of  epithelial  salt  and  water  transport  has  continued  with 
the  development  of  multisolute  electrolyte  and  non-electrolyte  models  of  leaky 
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epithelia.  The  utility  of  s.ucK  models  in  the  simulation  of  a  variety  of  stead/ 
state  and  timed  transport  experiments  has  been  shown  and  this  work  submitted 
for  publication.  Attention  has  been  focused  on  the  nature  of  solute-solvent 
coupling  in  epithelial  transport.  It  has  been  demonstrated  with  an  approximate 
analytical  model,  as  well  as  a  hierarchy  of  numerical  models,  that  a  proper 
measure  of  epithelial  "leakiness"  is  the  osmotic  gradient  that  can  be  supported 
between  two  bathing  media.  Another  popular  criterion  of  leakiness,  namely 
absorbate  osmolality  in  the  presence  of  equiosmolar  bathing  media,  has  been   \ 
shown  to  be  inappropriate  in  the  assessment  of  model  performance  and  of  probably 
limited  physiologic  significance.  (Drs.  A.  Weinstein  and  J.  Stephenson) 

Improved  numerical  techniques  for  the  solution  of  a  large  system  of 
differential  equations  have  been  investigated.  The  analytic  expression  of  the 
inverse  Jacobian  matrix  has  been  extended  to  include  a  system  of  five  equations 
in  as  many  unknowns.  Such  a  scheme  has  been  incorporated  into  the  multinephron 
full  kidney  model  and  is  being  added  to  a  central  core  model  that  includes 
hydraulic  pressure  as  an  unknown.  (Mr.  R.  Mejia  and  Dr.  J.  Stephenson) 

The  effect  of  a  distribution  of  nephrons  extending  to  varying  depths  in 
the  medulla  was  investigated  with  the  full  kidney  model  and  with  the  multi- 
nephron central  core  model.  In  both  models  the  ratio  of  short  to  long  nephrons 
has  been  found  to  be  a  highly  significant  parameter.  Thus,  in  investigating 
the  effect  of  urea  transport  and  cycling  on  the  passive  concentrating  mechanisms 
for  a  distribution  of  two  populations  of  nephrons,  it  was  found  that  as  the 
ratio  increases,  increased  urea  entry  relative  to  salt  entry  in  the  inner 
medulla  augments  passive  salt  transprot  out  of  ascending  Henle's  limb  and 
increases  urinary  concentration;  on  the  other  hand,  increased  collecting  duct  ^ 
flow  relative  to  descending  Henle's  limb  flow  decreases  concentration.  These 
opposing  effects  result  in  an  optimum  ratio  of  short  to  long  loops.  (Dr.  J. 
Stephenson  and  Mr.  R.  Mejia) 
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in  compartmental  analysis;  linear  control  theory,  and  generalized  kinetics. 

No  small  part  of  the  project  is  devoted  to  meeting  purely  mathematical  problems 

vi/hich  arise  on  their  proper  abstract  grounds. 
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^ 


Consider  an  open  compartmental  system  with  constant  input.  The  (cumu- 
lative) excretion  or  loss  from  any  compartment  will  approach  a  linear 
(stationary)  phase.  Similarly  the  concentration  of  any  product  formed  in  an 
enzyme  system  in  the  pre-steady  state  will  approach  a  linear  phase.  The 
analytic  description  of  these  linear  phases  has  been  of  considerable  importance 
in  several  contexts.  The  intercept  on  the  t-axis,  known  as  the  transient     *- 
time,  is  of  particular  significance:  It  has  long  been  used  to  estimate      ^ 
kinetic  parameters  in  enzyme  systems  (1)  and  it  is  of  obvious  import  in  the 
kinetics  of  coupled  enzyme  assays  (1)(2).  The  transient  time  also  plays  an 
important  quantitative  and  conceptual  role  in  the  thermodynamics  of  homeostasis 
of  metabolic  systems  (3). 

Much  work,  rather  unsystematic,  has  been  done  on  the  enzymatic  case  (1) 
and  it  is  often  assumed  (2) (3)  that  such  coupled  systems  can  be  treated  as  a 
compartmental' system  under  constant  input.  Treatment  has  been  on  a  case  by 
case  basis  not  subject  to  extension  or  generalization.  Further  in  the  face  of 
various  approximations  the  question  of  just  what  is  the  transient  time  of  a 
given  system  has  gone  unanswered. 

We  have  now  obtained  the  general  solution  for  both  the  enzymatic  and 
compartmental  case.  This  general  result  accommodates  any  number  of  subsystems 
in  the  enzyme  case  and  any  size  and/or  connectivity  in  the  compartmental  case. 
We  eschew  the  messy  situation  engendered  by  attempts  to  deal  with  explicit 
solutions  of  the  differential  system  by  use  of  the  most  elementary  consider- 
ations (the  lemma  below)  in  conjunction  with  our  previous  results  on 
Hessenberg  systems  and  residence  times.  ^ 

Lemma .  Let  G(t)  >  0  be  integrable  in  such  a  way  that  K  =  /"  G(t)dt  and 
T  =q/°°  tG(t)dt/K  exist.  Define  F(t)  =^f^^f^Q,{s)dsdd.  Then  for  sufficiently 
large  t,  F(t)  is  linear  and  given  by  F(t)  =  K(t  -  t). 

Proof:  It  is  a  well  known  result  in  elementary  calculus  that 
Q/^^A(s)dsde  =Q/^t-e)G(6)de 
We  then  have 

F(t)  =  t  ^fh{Q)de  -   Q/^9G(0)de 

=  Q/^G(9)d9  [t  -  ^/eG(e)de/QA(e)de]  . 

Now  as  t  becomes  large  the  integral  outside  the  brackets  approaches  K  and  the  ^ 
ratio  of  integrals  inside  the  brackets  approaches  t. 

The  content  of  the  lemma  is  that  the  asymptotic  line  K(t  -  t)  has 
t-  intercept  t  and  x  is  the  mean  value  of  t  averaged  over  the  distribution 
function  G(t)/K. 
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In  the  compartmental  case 

*  At 
■  G(t)  =  U.  e^\ 

* 
where  U^  is  the  vector  [0,  0  . .  1  . .  0] ,  A  is  the  system  matrix  and  v  the 

input  vector. 

In  the  enzymatic  case 

G(t)  =  Egk^  ....  k^e/  ....*e^ 
where  Ep,  is  total  enzyme  in  first  subsystem,  k, ,  . . .  ,  k  the  forward  rate 

4.1,    I  r 

constants,  e^  =  exp(A^.t)  where  \^   is  the  i   eigenvalue  of  the  system. 

(1)  Biochem.  et  Biophys.  Acta  364,  181  (1974)  and  extensive  references 
therein. 

(2)  Biochem.  et  Biophys.  Acta  293_,  552  (1973) 

(3)  J.  Theor.  Biol.  68_,  272  (1977) 

Publications:  None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

For  several  years,  this  project  has  been  concerned  with  constructing,  developing 
and  testing  a  group  of  interrelated  mathematical  models,  relevant  to  experi- 
mental neurophysiology  and  neuroanatomy.  Together  these  models  provide  a  theory 
that  can  account  for  various  sequences  of  events  in  the  soma  and  dendritic 
branches  of  a  single  neuron,  and  for  field  potentials  generated  by  certain 
cortical  populations  of  neurons.  Computational  experiments  performed  with  these 
models  provide  theoretical  predictions  that  have  been  compared  with  experimental^ 
results  obtained  by  colleagues  with  motoneurons  of  cat  spinal  cord,  and  with 
the  mitral  cell  and  granule  cell  populations  of  rabbit  olfactory  bulb.  Resulting 
interpretations  contribute  to  understanding  of  dendritic  synaptic  input  and  of 
dendro-dendritic  synaptic  interactions. 

These  results  have  appeared  in  the  Biophysical  Journal  and  in  the  Journal  of 
Neurophysiology;  comprehensive  chapter,  entitled  "Core  conductor  theory  and 
cable  properties  of  neurons"  in  The  Nervous  System,  Vol .  I ,  Cellular  Biology 
of  Neurons ,  edited  by  E.  R.  Kandel ,  (published  by  the  American  Physiological 
Society  1977  in  press)  summarizes  and  explains  many  of  these  results. 
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1.  (With  Drs.  J.  Rinzel  and  R.  Miller)  and  (with  Dr.  D.  L.  Alkon  of  NINCDS, 
LB,  Woodshole).  We  have  continued  our  discussions  and  exploratory  modeling 
aimed  at  developing  a  theoretical  understanding  of  several  interconnected 
small  systems  of  neurons  in  a  nudibranch  mollusc.  Some  computations  have 
compared  the  suitability  of  8-compartment  models  with  2-compartment  models  of 
these  neurons.  Detailed  discussions  have  led  to  more  complete  quantitative 
specifications  of  experimental  constraints  to  be  set  for  the  model.  Further 
testing  is  in  progress. 

2.  (With  Dr.  R.  Miller)  and  (with  Drs.  P.  G.  Nelson  and  R.  MacDonald,  both 
of  NICHD,  BB).  Our  objective  has  been  to  make  a  quantitative  analysis 
(based  upon  my  theoretical  models)  of  experimental  transients  recorded  by 
Nelson  and  MacDonald  with  intracellular  electrodes  placed  in  tissue  culture 
neurons.  The  theory  predicts  that  these  transients  should  consist  of  sums 
of  exponential  decays,  where  the  several  time  constants  and  their  associated 
coefficients  depend  explicitly  upon  several  theoretical  parameters.  These 
parameters  include  the  dendritic  electrotonic  length  (L),  the  ratio  (p)  of 
dendritic  input  conductance  to  that  of  the  soma,  the  passive  membrane  time 
constant  (t  ),  and  the  boundary  conditions  which  include  the  possibility  of 

added  synaptic  or  injury  conductances  either  at  the  soma  or  at  the  dendritic 
terminals.   In  spite  of  some  early  optimism.  This  project  has  been  frustrated 
by  difficulties  related  to  noise  in  the  data.  Further  work  is  needed  to 
identify  and  control  the  several  sources  of  this  noise,  both  in  the  original 
data  and  in  the  data  processing.  Also,  we  intend  to  elucidate  how  the 
reliability  of  our  parameter  estimates  depends  upon  the  noise  level. 

3.  An  invited  chapter  was  prepared  for  "Studies  in  Neurophysiology",  edited 
by  R.  Porter  for  Cambridge  University  Press.  This  chapter  summarizes  a 
steady  state  biophysical  analysis  of  the  effect  of  changes  in  dendritic  spine 
stem  resistance  upon  the  potency  of  synaptic  input  delivered  to  a  spine  head. 
Anatomical  data  and  biophysical  estimates  are  used  to  illustrate  an  application 
to  pyramidal  cells  of  mammalian  cerebral  cortex.  The  hypothesis  that  spine 
stem  resistance  could  serve  as  a  locus  for  fine  adjustments  of  synaptic 
potency  is  shown  to  be  consistent  with  the  finding  that  long  thin  spine  stems 
are  more  frequently  found  at  distal  dendritic  locations,  while  short  stems 

are  more  frequent  at  proximal  dendritic  locations.  This  book  is  now  in  press 
and  is  scheduled  for  publication  in  November  1978. 

Publications:  None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

To  develop  mathematical  models  of  the  blood  flow  and  transcapillary  exchanges  in 
capillary  networks.  An  effort  is  being  made  to  incorporate  in  the  models  the 
histological  structure  of  capillary  networks  as  well  as  different  flow  patterns 
from  available  experimental  information.  In  this  model  the  extraction  of  sub- 
strata with  different  chemical  kinetics  at  the  tissue 
It  is  expected  that  this  could  be  used  in  experimental 


extraction  of  different  substrates  are 
infer  the  flow  pattern  features  of  the 
of  the  diffusion-consumption  of  oxygen 


(facilitated  diffusion, 
examined. 


site  will  be  described. 

situations  where  the 
measured  simultaneously,  thus  helping  to 
microcirculation.  In  particular  a  model 
in  striated  muscle  containing  myoglobin 


is  being  developed  and  pertinent  numerical  results 
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A  numerical  method  to  solve  for  the  facilitated  diffusion  of  oxygen  in 
the  presence  of  hemoglobin  or  myoglobin  was  reported  previously.  The  analysis 
of  the  experimental  observations  of  Wittenberg  and  Scholander  has  been  com- 
pleted. A  manuscript  incorporating  these  results  is  near  completion.  Especial 
attention  is  given  to  the  physicochemical  interpretation  of  the  solutions. 
The  numerical  results  corroborates  that  the  experimental  facilitated  diffusion 
can  be  interpreted  as  an  added  effect  of  the  diffusion  of  a  protein  carrier. 
The  analysis  has  been  extended  to  the  situation  where  membranes  impermeable  to 
the  protein  carrier  are  located  on  the  diffusion  path.  This  situation  exists 
in  the  striated  muscle.  This  analysis  permits  estimation  of  the  extent  to 
which  in  vitro  facilitation  holds  in  the  in  vivo  situations.  It  has  been 
commonly  stated  that  when  the  association  coefficient  k'  is  very  large  or 
relatively  much  larger  than  the  disassociation  coefficient  k  in  the  reaction 

k' 
0  +  X  =^  OX,  the  facilitation  is  abolished  (Gibson,  Wittenberg).  In  the 

k 
context  used  by  those  authors  that  statement  is  correct.  However,  in  the 
course  of  this  research  it  was  found  that  the  presence  or  absence  of  facili- 
tation depends  not  only  on  the  actual  values  of  those  coefficients  of  the 
chemical  kinetics  but  also  upon  the  length  of  the  diffusion  paths  and  on  the 
boundary  conditions.  (Dr.  J.  Gonzalez-Fernandez  and  Mrs.  S.  Atta) 

Publications:  None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

This  project  continues  to  focus  on  the  formulation,  analysis,  and  biophysical 
interpretation  of  mathematical  models  which  describe  various  aspects  of  neuro- 
electric signaling  for  individual  neurons .  Among  the  topics  of  current  interest 


are: 

(i)  integration  of  synaptic  input  delivered  to  the  soma  and  dendritic 
branches  of  a  neuron; 

(TT)  steady  propagation  of  action  potentials  along  axons; 

(iii)  stimulus-response  and  threshold  properties  for  repetitive  firing 
of  action  potentials; 

Mathematical  models  of  these  phenomena  involve  systems  of  linear  and 
nonlinear  ordinary  differential  equations  and  parabolic  partial  differential 


^ 


equations .  Solutions  and  their  mathematical  stability  are  determined  by  analyt- 
ical  and  numerical  methods.  One  aspect  in  the  approach  of  this  project  is  to 


expose  the  qual itati ve  mathematical  structure  for  classes  of  models  by  exploitinc 
simple,  yet  reasonable,  equations. 
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1.  (With  Robert  Miller)  Repetitive  activity  for  the  space-clamped  Hodgkin- 
Huxley  (HH)  nerve  model  is  under  study.  As  previously  describe,  the  thresh- 
old value  I-,  for  a  slowly  rising  current  I  at  which  a  nerve  model  ceases  to 

adapt  and  breaks  into  repetitive  activity  is  mathematically  characterized  by 
loss  of  stability  of  the  steady  state.  For  the  space-clamped  configuration 
there  is  also  an  upper  critical  value  I2  at  which  the  steady  state  regains 

stability.  As  is  well  known  from  numerical  calculations,  the  HH  equations 
exhibit  stable  periodic  behavior  for  a  current  step  I  if  I  <  I  <  I2  where 

I  <  I-i-  Thus  there  is  an  overlap  range  I  <  I  <  I-,  over  which  the  equations 

have  a  stable  periodic  solution  and  a  stable  steady  state.  It  has  been  con- 
jectured that  there  is  a  branch  of  unstable  solutions  in  this  overlap  range 
and  we  have  now  verified  this.  These  additional  periodic  solutions  were 
obtained,  and  their  instability  demonstrated,  by  applying  our  previously 
developed  numerical  method  which  is  insensitive  to  the  stability  of  a  periodic 
solution.  For  1=1,  this  branch  coalesces  with  the  branch  of  stable  periodic 

solutions.  At  the  upper  end  of  the  overlap  region,  I-,,  the  amplitude  of  the 

unstable  oscillation  shrinks  to  zero.  Through  numerical  calculations  and 
mathematical  bifurcation  theory  we  have  provided  a  complete  description  of 
the  periodic  solutions  as  functions  of  the  parameter  I  and  temperature.  The 
multiplicity  of  stable  states  in  the  overlap  region  implies  a  hysteresis 
phenomenon.  Our  results  are  qualitatively  compared  to  experimental  data,  e.g. 

Guttman  and  Barnhill  for  squid  in  low  Ca  ,  which  suggest  such  hysteresis 
with  respect  to  some  parameter. 

(With  Dr.  J.  Keener,  Math.  Dept. ,  U.  of  Arizona)  We  are  treating  the  analogous 
problem  for  characterization  of  I,,  I2  in  the  case  of  a  point-stimulated  cable 

configuration  for  a  general  FitzHugh-Nagumo  model. 

2.  After  release  from  a  small  step  of  current  the  four  variable  HH  system 
exhibits  damped  subthreshold  oscillations  back  to  rest.  This  behavior  has 
been  studied  previously  by  others  by  formally  introducing  a  two  variable 
(membrane  potential  and  potassium  activation)  reduced  model.  We  have  shown 
how  to  obtain  the  reduced  model  by  a  systematic  scaling  and  perturbation 
treatment  of  the  full  linearized  system  at  rest.  In  this  way  we  estimate 
all  four  decay  rates  of  the  system.  Temperature  dependence  of  the  approxi- 
mation to  the  subthreshold  oscillation  frequency  is  determined  and  shown  to 
compare  well  with  the  exact  values  for  the  full  four  variable  system.  The 
reduced  model  is  further  applied  to  approximate  the  critical  value  I  (see 

paragraph  1)  and  the  associated  frequency.  These  results  and  those  of  para- 
graph 1  were  described  in  an  invited  talk  at  the  1978  FASEB  Meeting;  a  manu- 
script will  be  submitted  for  Federation  Proceedings. 

3.  (With  R.  Miller)  The  non-space-clamped  HH  cable  equation  exhibits  repetitive 
trains  of  propagating  impulses  for  which  the  firing  frequency  depends  on  the 
point-polarizing  stimulus  intensity.  Correspondingly  the  equations  have  a 
family  of  periodic  traveling  wave  solutions.  By  using  a  specially  developed 
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numerical  method  we  have  computed  these  solutions  and  their  dispersion 
relation,  propagation  speed  versus  firing  frequency,  for  different  temperatures. 
For  each  frequency  less  than  the  maximum  we  find  two  different  solutions,  a 
fast  one  and  a  slow  one.  Based  on  explicit  stability  results  for  a  simpler 
nerve  model,  investigated  previously  in  this  project,  we  conjecture  that  the 
slow  waves  are  unstable  solutions  to  the  cable  equation.  On  the  fast  branch,  ^ 
which  corresponds  to  presummably  stable  and  therefore  theoretically  observable' 
wave  trains,  we  find  that  the  speed  generally  decreases  and  can  drop  consid- 
erably from  the  solitary  pulse  to  the  maximum  frequency  wave  train,  e.g.  from 
12.3  m/sec  to  4.5  m/sec  at  6.3°C.  Theoretical  differences  of  this  magnitude 
suggest  that  such  dispersive  effects  may  be  experimentally  observable.  These 
results  as  well  as  those  of  paragraph  1  were  described  in  an  invited  talk  at 
the  Biomathematics  Symposium,  Oberwolfach,  West  Germany. 


Publications: 

Rinzel ,  J.:  Integration  and  propagation  of  neuroelectric  signals,  in 
MM  Study  in  Mathematical  Biology  (S.  A.  Levin,  ed.).  Math.  Assoc. 
America,  Washington,  DC  (in  press) . 

Rinzel,  J.:  Repetitive  nerve  impulse  propagation:  numerical  results 
and  methods,  in  Research  Notes  in  Mathematics  -  Nonlinear  Diffusion 
(W.  E.  Fitzgibbon  III  and  H.  F.  Walker,  eds.).  Pitman,  1977. 

-  Rinzel,  J.:  Repetitive  activity  and  Hopf  bifurcation  under  point-stimu- 
lation for  a  simple  FitzHugh-Nagumo  nerve  conduction  model.  J.  Math. 
Biology  5_  (1978)  363-382. 
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purpose  we  study  both  the  theoretical  consequences  of  general  mathematical  model ^ 
of  nerve  cells,  such  as  the  FitzHugh-Nagumo  equations,  and  the  data  gathered  in 
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methods  to  investigate  the  behavior  of  several  well  known  mathematical  models  of 
impulse  transmission  in  nerve  cells.  We  have  also  developed  models  and  computa- 
tional procedures  for  analyzing  the  results  of  electrophysiological  experiments. 
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1.  (With  Dr.  Rinzel)  We  have  investigated  the  behavior  of  periodic  solutions 
to  various  nerwe  model  equations  using  a  numerical  method  which  we  developed 
previously.  Extensive  calculations  have  been  performed,  both  for  the  case  of 
traveling  waves  and  for  the  space  clamped  fiber.  In  the  case  of  the  space 
clamped  fiber,  relations  between  injected  current,  frequency  and  temperature  d 
have  been  determined,  and  the  stability  of  the  solutions  has  been  investigated. 
In  the  traveling  wave  case,  relations  between  wavelength,  frequency  and  tem- 
perature have  been  investigated  over  a  wide  range  of  parameter  values,  and 
preliminary  stability  calculations  have  been  made,  along  with  studies  of 
solutions  to  related  partial  differential  equations.  Some  difficulties 

remain  for  certain  parameter  ranges,  and  new  techniques  are  now  being  devel- 
oped to  deal  with  these  problems. 

2.  (With  Dr.  Rail  and  Drs.  Nelson  and  McDonald,  Behavioral  Biol.  Br.,  NICHD) 
Stable  estimates  of  the  electrical  parameters  that  determine  the  passive 
electrical  behavior  of  neurons  have  proven  difficult  to  obtain  computationally 
from  intracellular  recordings.  Specialized  computational  techniques  are  being 
investigated  in  order  to  deal  with  the  problem.  Studies  with  artificially 
simulated  data  are  now  being  conducted  in  order  to  decide  what  level  of  elec- 
trical noise  in  an  intracellular  recording  can  be  present  without  rendering 
parameter  estimates  meaningless. 

3.  (With  Drs.  Rail  and  Rinzel,  and  Dr.  D.  L.  Alkon,  LB,  NINCDS,  MBL ,  Woods 
Hole,  MA)  Models  of  the  response  of  photorecepters  in  the  nudibranch  mollusk  g 
Hermissenda  Crassicornis  have  been  developed,  and  implemented  computationally.  ^ 
Response  to  flashes  of  light  and  interactions  between  photoreceptors  have 

been  simulated.  Recent  simulations  have  taken  a  wide  range  of  phenomena 

into  account.  Comparisons  of  prediction  with  experiment  have  been  encouraging. 

Publications:  None. 
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Annual  Report  of  the  Arthritis  and  Rheumatism  Branch 
National  Institute  of  Arthritis,  Metabolism  and  Digestive  Diseases 

Dr.  Elizabeth  Neufeld,  Chief  of  Section  on  Human  Biochemical  Genetics, 
was  elected  a  member  of  the  National  Academy  of  Science,  and  Dr.  Henry  Metzger, 
Chief  of  Section  on  Chemical  Immunology,  received  the  Public  Health  Service 
Meritorious  Service  Award.  Three  Senior  Investigators  were  appointed  to  the 
Branch  -  Dr.  R.D.  Camerini-Otero,  Dr.  M.A.  Zasloff,  and  Dr.  J.E.  Balow. 

Branch  studies  ranged  from  clinical  trials  to  studies  of  membrane  func- 
tion, lysosomal  enzymes  and  transcription  in  eukocyotic  cells.  In  briefly 
summarizing  some  of  these,  the  two  digit  figures  within  parenthesis,  e.g.  (33), 
will  be  used  as  a  reference;  the  two  digits  are  the  last  two,  excluding  the 
year,  of  the  study  number,  e.g.  ZOl  AM  41033-06.  More  details  can  be  found 
in  the  specific  reports  so  numbered. 

Clinically  the  work  has  been  dominated  by  mechanisms  and  the  management 
of  systemic  lupus  erythematosus  (SLE).  Patient  follow-up  continues  in  our 
original  cyclophosphamide,  azathioprine  trial  of  management  of  lupus  nephritis 
(00).  New  patients,  meeting  specified  criteria,  continue  to  be  admitted  to 
the  trial  of  combined  cyclophosphamide  and  azathioprine  vs  intermittent,  intra- 
venous cyclophosphamide.  Sophisticated  analytical  procedures  are  being  applied 
to  our  accumulating  database  of  information  on  these  patients  (Klippel,  Decker, 
Harris  [DCRT],  Shakarji  [DCRT],  and  Atta  [DCRT]  -  29).  Drug  effects  on  renal 
function  have  been  identified  as  a  possible  confounding  factor  in  these  studies 
(Plotz  and  Gill  [NHLI]  -  28).  Using  repeat  renal  biopsy  with  clinical  follow- 
up  information,  efforts  are  being  made  to  strengthen  the  prognostic  power  of 
the  morphological  observations  (Balow  -  38). 

A  most  striking  recent  finding  has  been  the  close  relationship  of  the 
disease  process  to  major  histocompatibility  antigens  as  defined  by  pregnancy 
sera.  One  serum  reacted  with  cells  of  76%  of  SLE  patients  and  14%  of  controls, 
a  relative  risk  factor  of  18.8.  This  is,  by  far,  the  strongest  demonstration 
yet  available  of  the  contribution  of  genetic  factors  to  disease  development 
(Reinertsen,  Klippel,  Mann  [NCI],  Johnson  [Duke],  Decker,  and  Steinberg  -  37). 

Infectious  factors  may  be  reflected  in  the  canine  pets  of  SLE  households. 
We  are  conducting  a  study  of  the  humans  in  households  of  dogs,  similarly 
identified,  with  or  without  antinuclear  antibody  in  their  sera  (36). 

The  class  and  nature  of  lymphocytes  contributing  to  the  disease  seem  to 
be  of  importance.  It  was  found  that  T  lymphocytes  from  patients  with  SLE  were 
defective  in  their  ability  to  generate  suppressor  signals;  this  is  believed 
to  result,  in  part,  from  the  action  of  anti-lymphocyte  antibodies  which  can 
be  detected  in  patients  (Steinberg  and  associates  -  23).  Circulating  immune 
complexes  may  produce  damage  because  they  are  inadequately  eliminated  from  the 
circulation,  perhaps  due  to  defective  reticuloendothelial  (RE)  cell  function; 
RE  function  is  being  studied  in  untreated  patients  with  SLE  (Plotz  and  associ- 
ates -  30). 
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A  major  new  clinical  initiative  has  been  the  development  of  a  study  of   ^^ 
lymphopheresis  in  the  management  of  patients  with  active  rheumatoid  arthritis; 
continuous  flow  blood  cell  separators  are  being  used  via  arteriovenous  fis- 
tulae  created  surgically.  Preliminary  results  are  encouraging  (35). 

More  fundamental  studies,  applicable  to  SLE,  include  the  study  of  the 
biological  activity  in  animals  of  specially  developed,  model,  stable  immune 
complexes;  the  largest  complexes  are  removed  most  rapidly  from  the  circulation  ^ 
apparently  without  involving  complement  (18).  The  hybrid  New  Zealand  Black/ 
White  mouse  spontaneous  disease,  in  many  ways  a  close  model  of  SLE,  has  pro- 
vided a  number  of  significant  leads  in  our  understanding  of  the  human  process. 
Ribavirin,  a  broad  spectrum  anti-viral  agent,  and  androgens  have  both  been 
shown  to  increase  survival  in  the  mice  and  both  are  in  tentative  trial  in 
human  disease  (Steinberg  and  associates  -  22).  It  was  also  found  that  an 
estrogen  inhibitor,  nafoxidine,  benefited  the  animals.  The  mechanisms  of 
action  of  corticosteroids  and  other  immunosuppressive  agents  is  being  studied 
on  isolated  T  lymphocytes  (Balow  -  39).  Detailed  genetic  studies  demonstrated 
that  the  ability  spontaneously  to  produce  anti-DNA  antibodies  is  inherited  as 
a  single  dominant  trait,  separate  from  genetic  factors  which  control  the  pro- 
duction of  anti-T  cell  antibodies  (Steinberg  and  associates  -  20). 

In  the  Section  on  Chemical  Imnunology  detailed  studies  of  IgE  receptors 
on  cell  surfaces  continue.  Rat  basophilic  leukemia  cells  and  normal  rat  mast 
cells  are  used.  Ingenious  methods  produced  enough  pure  IgE  receptor  to  allow 
immunization  of  a  rabbit.  The  antibodies  from  the  animal  were  capable  of 
triggering  degranulation  in  the  total  absence  of  IgE  thus  emphasizing  the 
critical  role  of  the  receptor  as  contrasted  to  the  immunoglobulin  itself.     W 
Purified  receptor  can  now  be  prepared  in  greater  quantity  and  compositional    ^" 
analysis  has  been  begun;  preliminary  evidence  suggests  that  cleavage  studies 
may  be  possible.  Molecular  weight  determinations  in  gels  are  underway 
(Metzger,  Isersky-Carter ,  and  associates  -  25). 

The  Section  on  Human  Biochemical  Genetics  has  continued  to  emphasize 
studies  of  lysosomal  biogenesis  and  function  in  normal  human  fibroblasts  and 
in  fibroblasts  cultured  from  patients  with  certain  genetic  diseases.  The 
receptor-mediated  uptake  of  hydrolytic  enzymes  from  the  cell  exterior  into 
lysosomes  requires  a  carbohydrate  marker  (probably  mannose  6-phosphate)  on  the 
protein;  model  compounds  containing  mannose  6-phosphate  attached  to  bovine 
serum  albumin  or  other  proteins  have  been  synthesized  in  order  to  study  the 
recognition  and  binding  step.  Chloroquine,  ammonia  and  other  amines  block  the 
subsequent  transport  of  the  enzyme  to  lysosomes.  A  novel  procedure  has  been 
developed  to  isolate  lysosomes  from  cultured  fibroblasts  (Neufeld  and  associ- 
ates -  24). 

Dr.  Camerini -Otero  is  continuing,  in  collaboration  with  Dr.  G.  Felsenfeld 
(LMB),  studies  on  the  internal  structure  of  the  nucleosome  (the  subunit  of    ^ 
chromatin).  These  studies  involve  examination  of  the  properties  of  nucleo-    ^- 
somes  reconstituted  from  DNA  and  histones,  and  calculations  of  the  energy  of 
DNA  folding  and  supercoiling  (32).  He  has  also  undertaken  a  study  of  the  male- 
specific  histocompatibility  antigen  beginning  with  the  development  of  a  novel 
assay  of  this  substance  in  order  to  facilitate  its  identification  and  isola- 
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tion  (33). 

Studies  of  transcription  in  eukaryotic  cells  have  shown  that  what  was 
believed  to  represent  transcription  of  the  globin  genes  of  duck  reticulocyte 
chromatin  turned  out  to  be  transcription  of  preexisting  globin  RNA.  A  simple 
procedure  for  the  isolation  of  closed  circular  DNA  has  been  developed.  The 
mechanism  by  which  proteins  such  as  histones  are  transported  from  the  site  of 
synthesis  into  the  nucleus  is  under  study  (Zasloff  and  associates  -  34). 
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death  or  dialysis.  Clinical  and  immunologic  assessment  are  performed.  The 
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Project  Description: 

Objectives : 

Two  previous  ten  week  studies  by  our  branch  suggested  that  cyclophos- 
phamide was  effective  in  the  treatment  of  lupus  nephritis  and  that  azathio- 
prine  was  less  effective.  A  long-term  study  of  these  patients  is  being 
carried  out  to  determine  whether  or  not  one  therapeutic  program  is  superior 
over  the  course  of  several  years.  In  addition,  newer  drug  programs  have  been 
suggested  by  study  in  New  Zealand  mice. 

Methods  Employed: 

Patients  meeting  predefined  criteria  for  diagnosis  of  SLE  and  activity 
of  nephritis  have  been  admitted  to  the  trial.  In  a  baseline  control  period, 
the  patients  were  kept  on  the  anti-inflammatory  regimen  (usually  prednisone 
and  aspirin)  needed  to  control  extra-renal  manifestations.  These  have  been 
continued  into  the  study  period  with  as  little  change  as  possible  and  with 
the  addition  of  randomly  assigned  1)  cyclophosphamide  plus  azathioprine,  2) 
intravenous  cyclophosphamide  or  3)  steroids  only. 

A  large  number  of  serological,  chemical  and  urine  values  are  serially 
obtained  and  the  patients  will  be  followed  for  life.  Immunoglobulin  levels, 
anti-DNA  antibodies,  and  serum  complement  are  among  those  measures.  We  will 
determine  time  to  death  or  renal  dialysis  in  each  treatment  program  and 
assess  the  toxicity  as  well  as  efficacy  of  each  program. 

Major  Findings: 

Patients  in  all  groups  have  done  well.  There  has  been  no  significant 
differences  among  the  programs;  however,  longer  follow-up  will  be  necessary 
before  any  conclusions  can  be  drawn. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

If  difference  in  the  response  of  the  disease  and  some  of  the  immuno- 
logical processes  can  be  detected  between  different  drug  programs,  it  may  be 
possible  to  draw  conclusions  with  reference  to  the  cell  populations  involved 
in  systemic  lupus  erythematosus  and  thus  increase  our  understanding  of  the 
disease  process  itself.  It  is  expected  that  the  results  will  permit  us  to 
select  among  treatment  programs  in  clinical  management. 

Proposed  Course: 

A  long-term  follow-up  of  these  patients  will  be  continued,  primarily  by 
one  week  admissions  e^ery   6  months. 

Publications: 

No  further  publications. 
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Project  Description: 

Objectives : 

At  present  no  satisfactory  therapy  exists  for  severe  manifestations  of 
SLE  except  for  renal  disease.  Even  renal  disease  does  not  respond  well  to 
conventional  therapy  when  the  creatinine  clearance  is  markedly  reduced.  In 
this  study  we  will  test  the  efficacy  of  high  dose  intravenous  therapy  with 
cyclophosphamide  for  the  control  of  severe  SLE  unresponsive  to  a  trial  of 
high  dose  of  prednisone  (up  to  2  mg  per  kg  for  3  weeks). 

Methods  Employed: 

Patients  with  1)  severe  renal  disease  or  rapid  deterioration  or  renal 
function,  2)  sensitivity  to  azathioprine  precluding  the  CAP  protocol,  3) 
severe  extra-renal  lupus  (seizures,  hemorrhage,  psychosis,  hemolytic  anemia, 
myocarditis,  or  pericarditis  uncontrolled  by  high-dose  prednisone)  will  be 
randomly  assigned  to  receive  intravenous  cyclophosphamide  or  placebo  for  3 
initial  injections  over  6  weeks  and  then  at  3  month  intervals.  Renal  and 
non-renal  patients  will  be  separately  randomized.  The  study  will  be  double- 
blind:  neither  the  physicians  nor  patients  will  know  which  therapy  is  being 
administered.  The  end  point  of  the  study  will  be  death  or  the  need  for  renal 
dialysis  except  that  patients  well  for  1  year  may  have  therapy  stopped.  The 
potential  hazards  and  benefits  will  be  explained  in  full  to  all  patients  or 
their  famil ies. 

Major  Findings: 

No  patients  were  entered  during  the  past  year. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

The  therapy  of  SLE  has  been  under  study  here  for  several  years.  The 
present  study  is  an  attempt  to  extend  the  therapy  for  patients  unresponsive 
to  conventional  therapy. 

Proposed  Course: 

We  plan  to  enter  20  to  30  patients  into  the  study  over  the  next  3-5 
years . 

Publ ications: 

None 
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Antibodies  have  been  site-specifically  covalently  cross-linked  with  a 
newly  synthesized  class  of  compounds  which  act  as  bis-affinity-labeling  hapten, 
These  o1 igomers  of  IgG  are  used  as  model  immune  complexes.  They  are  separated 
by  size  and  the  biological  properties  of  the  sized  oligomers  are  studied. 
Properties  presently  under  study  include  complement  fixation  and  Clq  binding 
and  biological  survival . 
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Project  Description: 

Objectives : 

To  study  the  role  of  the  configuration  of  immune  complexes  in  determin-,^ 
ing  their  pathogenetic  properties. 

Methods  Employed: 

Anti-hapten  antibodies  are  site-specifically  cross-linked  and  the  re- 
sulting oligomers  are  separated  by  size.  Biological  survival  and  complement 
fixation  are  studied  in  the  standard  fashion. 

Major  Findings: 

Oligomers  are  removed  from  circulation  with  a  rate  inversely  proportion- 
al to  their  size.  Rate  of  removal  is  not  apparently  related  to  complement. 
Complement  is  not  fixed  in  solution  by  small  oligomers,  but  is  fixed  when 
oligomers  are  bound  to  the  surface  of  red  blood  cells. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

This  work  may  allow  studies  of  the  properties  of  stable  immune  complexes 
of  various  sizes  relevant  to  their  role  in  the  pathogenesis  of  connective   ^' 
tissue  disease.  ^ 

Proposed  Course: 


During  the  coming  year,  Dr.  Finbloom  will  continue  studies  on  the 
capacity  of  the  RES  to  handle  iirmune  complexes;  Dr.  Finbloom  and  Dr.  Magilavy 
will  study  the  binding  of  model  immune  complexes  to  macrophages  from  organs 
with  different  capacities  to  take  up  complexes  in_  vivo.  Studies  on  complement 
fixation  will  continue,  using  covalent  oligomers  formed  with  larger,  flexible, 
affinity-labeling  haptens. 

Publ ications: 

1.  Plotz,  P.H.,  Kimberly,  R.P.,  Guyer,  R.L.,  and  Segal,  D.M.:  Stable 
model  immune  complexes  produced  by  bivalent  affinity-labeling  haptens:  In 
vivo  survival.  Irrmunochem.  (accepted  for  publication),  1978. 
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underline  keywords) 

New  Zealand  mice 


The  pathogenesis  of  autoimmunity  in  New  Zealand  mice  is  still  uncertain;  how- 
ever, advances  are  being  made.  Genetic,  viral  and  immunologic  factors  appear  to 
be  involved.  The  immunologic  factors  are  complex.  These  include  excessive  B-cell 
activation  and  impaired  T-cell  suppressive  activity.  The  loss  of  T-cell  activity 
is  related  to  a  deficiency  of  suppressor  cell  precursors.  Antibodies  to  T  cells 
produce  an  accelerated  loss  of  suppressor  cells  and  their  precursors.  Further- 
more, sex  hormones  modulate  the  severity  of  the  disease. 
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Project  Description:  ~ 

Objectives: 

New  Zealand  mice  spontaneously  develop  an  autoimmune  disease  resembling  human 
systemic  lupus  erythematosus.   Early  in  life  they  are  immunologically  hyper- 
active, become  relatively  resistant  to  tolerance  induction,  and  gradually  ^ 
develop  antibodies  to  RNA  and  DNA  and  finally  they  develop  immune  complex  • 
glomerulonephritis  from  which  they  die.   Both  humoral  and  cellular  immune  ' 
defects  have  been  reported  and  are  under  active  investigation.   In  addition, 
the  basis  for  the  differences  in  disease  expression  in  New  Zealand  mice  are 
being  explored. 

Methods  Employed: 

14 

1.  Assay  for  antibodies  to  RNA  and  DNA  using   C-labeled  nucleic  acids 

as  ligands  and  the  ammonium  sulfate  precipitation  assay.  Assay  of 
antibody  forming  cells  to  sheep  erythrocytes  and  pneumococcal  poly- 
saccharide by  local  hemolysis  in  gel. 

2.  Immunization  of  animals  with  a  variety  of  antigens  with  and  without 
protein  carriers  or  adjuvants. 

3.  Transfer  of  spleen,  bone  marrow  and  thymus  cells  into  recipients  to 
evaluate  the  functional  properties  of  the  different  cell  types. 

4.  Use  of  standard  skin  grafting  using  allogenic  skin  to  evaluate  0^ 
cellular  immune  functions  in  New  Zealand  mice,  and  transfer  of  serum  ■■; 
and  cell  population  between  young  and  old  New  Zealand  mice. 

5.  Study  of  graft  versus  host  disease  inducing  properties  of  NZB/W 
lymphoid  cells  using  the  Simonsen  spleen  weight  assay  and  newborn 
C3H/He  or  SWISS  mice  as  recipients,  or  adult  athymic  (nude)  mice. 

6.  Separation  of  lymphoid  cells  functionally  (corticosteroid,  ATS, 
anti-9,  anti-kappa)  and  physically  (sedimentation). 

51 

7.  Assay  of  anti-T  cell  antibodies  by  release  of   Cr  from  thymocytes. 

8.  Evaluation  of  subpopulation  of  T-cells  using  the  fluorescence  acti- 
vated cell  sorter, 

9.  Castration  of  males  and  female  weanling  NZS/W  mice  and  treatment  with 
sex  hormones  by  either  injection  or  implantation  of  sialastic  tubes 
containing  crystal ine  hormones. 


Major  Findings: 

1.  NZB  hybrids  demonstrate  a  marked  sex  difference  in  spontaneous 
autoantibody  production:  Females  produce  auto-antibodies  earlier 
and  at  higher  titers  than  males.  Castration,  but  not  vasectomy,  of 
NZB  x  DBA/2  males  increased  NTA  antibody  production  to  the  levels 
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seen  in  females.  Castration  of'NZB/NZW  males  accelerates  their 
disease  which  is  prevented  by  testosterone  but  not  estradiol.  Cas- 
tration of  females  by  itself  has  little  effect;  however,  castration 
plus  testosterone  retards  disease. 

2.  Treatment  of  NZB/NZW  females  with  testosterone  starting  at  3  weeks  of 
age  leads  to  inhibition  of  anti-DNA  production.  Treatment  at  15 
weeks  of  age  leads  to  no  change  in  anti-DNA,  but  prolonged  survival. 

3.  Treatment  of  NZB/NZW  females  with  nafoxidine,  an  estrogen  inhibitor 
which  acts  by  binding  avidly  to  nuclear  estrogen  receptors,  led  to 
significant  reduction  in  antibodies  to  DMA,  reduced  proteinuria  and 
prolonged  survival. 

4.  Treatment  of  baby  NZB/NZW  mice  ■(3-5d  of  age)  with  naturally  occuring 
anti-T-cell  antibodies  (NTA)  led  to  premature  loss  of  suppressor 
cells,  accelerated  autoimmunity  and  early  death. 

5.  Injection  of  sheep  erythrocytes  into  mice  leads  to  a  rise  in  splenic 
cyclic  AMP  with  a  peak  at  2  minutes.  This  antigen-specific  response 
is  present  in  young  NZB/NZW  mice  but  not  in  old  NZB/NZW  mice. 
Splenic  T-cells  from  young  NZB/NZW  mice  restores  the  response  of  old 
mice  to  normal. 

6.  Four  month  old  NZB/NZW  mice  have  suppressor  cells  which  can  be 
activated,  but  decreased  numbers  of  precursor  cells.  One  month  old 
NZB/NZW  mice  have  precursor  cells.  Activation  of  cells  in  4  month 
old  mice  leads  to  suppression  when  they  are  transferred  into  one 
month  old  mice  (which  have  suppressor  precursors)  but  not  when  they 
are  transferred  into  4  month  old  mice.  Thus,  suppression  is  carried 
to  completion  by  activation  of  one  cell  and  recruitment  of  a  second. 
The  latter  is  lost  with  age  in  NZB/NZW  mice. 

7.  Susceptibility  to  spontaneous  anti-DNA  is  inherited  as  a  single 
dominant  trait.  This  is  not  linked  to  production  of  anti-T-cell 
antibodies  which  is  controlled  by  a  co-dominant  trait. 

8.  Bone  marrow  from  NZB/NZW  mice  transferred  disease  to  non-atuoimmune 
mice. 

Proposed  Course: 

The  role  of  genetic  factors  and  anti-T  cell  antibodies  in  the  loss  of 
suppressor  cells  will  be  further  investigated  in  New  Zealand  mice.  The 
availability  of  athymic  nude  mice  will  allow  us  to  study  lack  of  thymic 
function  in  different  strains  with  and  without  superinfection  with  dif- 
ferent viruses  or  immunization  with  nucleic  acid  antigens.  We  hope 
thereby  to  define  the  relative  contributions  of  genetic,  viral  and 
immunologic  factors  in  the  development  of  autoimmunity.  In  addition  the 
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relative  importance  of  B-cell  defects  and  T-cell  defects  will  be  studied. 
The  role  of  anti -idiotypic  antibodies  in  control  of  autoantibody  produc- 
tion will  be  investigated. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

1,  The  role  of  sex  hormones  in  modulating  autoantibody  production 
provides  a  means  by  which  disease  modulation  may  be  better  under- 
stood, investigated  and  perhaps  altered, 

2,  The  role  of  anti-T-cell  antibodies  in  accelerating  suppressor  cell 
loss  identifies  an  important  pathogenetic  mechanism  of  immune  dys- 
regulation, 

3,  Studies  of  cAMP  in  NZB/NZW  mice  following  antigen  administration 
begins  to  develop  understanding  of  immune  effects  and  their  abnor- 
malities at  a  biochemical  level.  The  cAMP  response  to  antigen  is 
most  likely  a  signal  to  turn  off  or  suppress  other  immune  responses. 
No  such  signal  is  generated  in  the  older  autoimmune  NZB/NZW  mice  who 
behave  as  if  they  are  already  maximally  stimulated  antigenically. 

4,  Studies  of  suppressor  factors  extend  our  understanding  of  antigen 
non-specific  suppression  and  augmentation  in  autoimmunity.  First 
there  is  a  loss  of  suppressor  signals  which  is  followed  by  the 
development  of  autoimmunity  and  a  secondary  increase  in  suppressor 
signals  which  are  insufficient  to  counteract  the  autoimmune  process, 

5,  The  genetic  basis  for  autoimmunity  and  the  cell  types  involved  can  be 
more  definitively  analyzed. 


f 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Antibodies  to  nucleic  acids  are  important  diagnostically  and  pathogenetically  in 
systemic  lupus.  The  production  of  these  antibodies  is  in  part  controlled  by  x^ 
linked  immune  response  genes.  In  addition,  sex  hormones  influence  the  magnitude 
of  auto-antibody  production.  Antibodies  to  transfer  RNA  are  produced  by  patients 
with  SLE;  these  cross-react  with  viral  nucleic  acids.  Subpopulations  of  patients 
have  specific  auto-antibodies. 


¥- 


688 


PHS-6040 
(Rev.  10-76) 


ZOl  Al-I  41021-10  ARB 
Project  Description: 

Objectives: 


ludy  the  characteristics  of  a  variety  of  antinuclear  antibodies  in  human 
id  murine  "autoimmune  diseases."  Determine  genetic  contributions  to  the 


StL 

anc 

immune  response  to  nucleic  acid  and  related  antigens. 


Methods  Employed: 

Farr  ammonium  sulfate  precipitation  assay  using  radiolabelled  ligands. 
Standard  precipitin  reaction  using  labeled  and  unlabeled  nucleic  acids  or 
nuclear  extracts.  Hemagglutination,  complement  fixation  and  immunodif- 
fusion assays.  Standard  immunization  procedures. 

Major  Findings: 

1.  Some  strains  of  mice  (NZB  and  ALN)  were  found  to  have  high  responses 
to  immunization  with  single  stranded  DNA  complexed  to  a  carrier 
protein.  These  animals  also  spontaneously  develop  antinuclear  anti- 
bodies late  in  life.  In  contrast  DBA/2  and  BALB/c  mice  responded 
poorly  to  immunization  with  SSDNA.  These  mice  do  not  spontaneously 
develop  antinuclear  antibodies.  Genetic  studies  of  NZB  x  DBA  F,, 
mice  and  backcrosses  to  the  parental  strains  suggest  that  a  gene  6n 
the  X  chromosome  may  influence  the  response  to  immunization  with 
SSDNA.  However,  analysis  of  castrated  mice  indicates  that  this 
response  is  regualted  by  sex  hormones  and  is  not  X-1 inked. 

2.  Castration  of  male  NZB  x  DBA  or  DBA  x  NZB  mice  led  to  accelerated 
anti-DNA  production,  both  following  immunization  and  spontaneously. 
Castration  of  3  week  old  NZB/NZW  males  accelerates  anti-DNA  produc- 
tion; castration  at  3  months  does  not.  Testosterone  treatment  of  3 
week  NZB/NZW  females  retards  anti-DNA  production;  treatment  at  3 
months  does  not. 

3.  A  radioimmunoassay  for  a  soluble  nuclear  antigen  has  been  developed. 
Antibodies  are  found  in  patients  with  Sjogren's  syndrome  without 
associated  connective  tissue  disease  (sicca  complex)  or  Sjogren's 
syndrome  with  associated  SLE.  Patients  with  Sjogren's  syndrome  and 
rheumatoid  arthritis  are  negative  as  are  patients  without  Sjogren's 
syndrome. 

4.  Patients  with  SLE  and  NZB/NZW  mice  spontaneously  produce  antibodies 
reactive  with  native  RNA  species. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

Male  sex  hormones  appear  to  suppress  autoantibody  production  explaining 
the  more  severe  disease  and  greater  incidence  in  females.  This  effect 
occurs  primarily  very  early  in  life;  it  suggests  that  hormones  modulate  a 
maturational  event  in  the  immune  system  which  in  turn  regualtes  autoimmune 
potential. 
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Proposed  Course: 

Define  the  genetics  of  the  antibody  response  to  DNA.  Further  study  the 
characteristics  of  antinuclear  antibodies.  Continue  to  evaluate  the  role 
of  sex  hormones  in  autoimmunity.  Compare  antinuclear  antibodies  of 
patients  with  different  autoimmune  diseases.  Further  study  subpopula- 
tions  of  patients  with  a  high  incidence  of  autoimmunity. 


f 


Publications; 


c 


1.  Kassen,  S.S.,  Akizuki,  M.,  Steinberg,  A.D.,  Reddick,  R.L.  and 
Chused,  T.M.:  Antibody  to  a  soluble  acidic  nuclear  antigen  in 
Sjogren's  syndrome.  Am.  J.  Med.  63:  328-335,  1977. 

2.  Gershwin,  M.E.,  Glinski,  W.,  Chused,  T.M.  and  Steinberg,  A.D.: 
Lymphocyte  dependent  antibody  mediated  cytolysis  of  DNA-anti-DNA 
coated  target  cells  using  human  and  murine  effector  populations. 
Clin.  Immunol.  Immunopathol.  8:  280-291,  1977. 

3.  Akizuki,  M. ,  Boehm-Truitt,  M.J.,  Kassen,  S.,  Steinberg,  A.O.  and 
Chused,  T.M.:  Purification  of  an  acidic  nuclear  protein  antigen  and 
demonstration  of  its  antibodies  in  subsets  of  Sjogren's  syndrome.  J. 
Immunol.  119:  132-138,  1977. 

4.  Akizuki,  M.  and  Steinberg,  A.D.:   Demonstration  of  antibodies  to 
soluble  nuclear  antigens  by  complement  fixation  test  -  An  applica-  ^ 
tion  of  the  microtiter  technique.  J.  Immunol.  Methods  18:  295-308,  M 
1977.  " 

5.  Ahmed,  A.,  Smith,  A.H.,  Sell,  K.W.,  Gershwin,  M.E.,  Steinberg,  A.D., 
Thurman,  G.B.  and  Goldstein,  A.L.:  Thymic  dependent  antihapten 
response  in  congenitally  athymic  (nude)  mice  immunized  with  DNP- 
thymosin.  Immunology  33:  757-755,  1977. 

6.  Eilat,  D.,  Steinberg,  A.D.  and  Schechter,  A.N.:  The  reaction  of  SLE 
antibodies  with  native  single  stranded  RNA:  Radioimmunoassay  and 
binding  specificities.  J.  Immunol.  120:  550-557,  1978. 

7.  Kovacs,  K.,  Reeves,  J. P.  and  Steinberg,  A.D.:  Modification  of 
NZB/NZW  disease  by  sex  hormones.  J.  Immunopharmacol .  (in  press). 

8.  Raveche,  E.S.,  Steinberg,  A.D.,  Klassen,  L.W.,  and  Tjio,  J.H.: 
Genetic  studies  in  NZB  mice.  I.  Spontaneous  autoantibody  production. 
J.  Exp.  Med.  147:  1487-1502,  1978. 
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SUMMAR''    OF    /lORK    ^200    ,*ords    dp    less    -   uPOerl("e    ^ev^oras 

Non-specific  immunosuppressive  theraoy  of  man  is  associated  with  considei^able 
morbidity.  Some  regimens  may  be  superior  to  others.  The  New  Zealand  mice  offer  al 
convenient  model  for  studying  different  drug  regimens  prior  to  study  in  patients,  j 

It  would  be  even  more  desirable  to  treat  patietns  in  an  immunologically  more  i 

specific  manner.  Toward  that  end  we  have  been  treating  New  Zealand  mice  with! 

activators  of  suppressor  cells  and  with  suppressor  cells  themselves.   The  i 

autoimmune  process  in  NZ3  mice  can  be  markedly  retarded  by  such  specific  j 

j  immunosuporession.   Soluble  suppressor  substances  have  been  substituted  for! 

I  cells  and  found  to  be  effective.   If  such  a  substance  can  be  isolaiied  and  1 

i  synthesized  it  might  be  useful  for  humans.  i 

j  Treatment  of  NZB/NZW  mice  with  Ribavirin,  a  broad  spectrum  anti -viral  drug,  has, 
•    been  'jery  effective.  Renal  deposits  of  immune  complexes  can  be  prevented.  Such j 
treatment  is  applicable  to  humans  ^ith  SLE. 
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NZB/NZW  F,  mice  spontaneously  develop  antibodies  to  nucleic  acids  and  die 
of  immune  complex  gloemrulonephritis.  NZB  mice  develop  Coomb's  positive 
hemolytic  anemia,  membranous  nephrosis  and  excessive  lymphoreticular 
proliferation.  These  mice  are  excellent  models  for  comparing  different 
immunosuppressive  and  anti-viral  drug  programs.  In  addition,  as  the 
immunologic  basis  for  the  disease  becomes  better  understood,  they  offer  a 
model  for  studying  more  specific  immunotherapy. 

Methods  Employed: 

1.  Comparison  of  different  immunosuppressive  and  anti-viral  drug  regi- 
mens in  natural  history  of  NZB/NZW  mice  by  study  of  antibodies  to 
DNA,  proteinuria  and  survival. 

2.  Treatment  with  suppressor  cells  and/or  suppressor  substances  derived 
from  such  cells  in  an  attempt  at  restoring  normal  regulatory  func- 
tions and  improve  the  natural  history  of  New  Zealand  mice. 

3.  Treatment  of  NZB/NZW  females  with  androgens. 
Major  Findings: 

1.  Ribavirin,  a  broad  spectrum  anti-viral  agent,  was  found  to  be 
effective  (a)  prophylactical ly  and  (b)  therapeutically  in  NZB/NZW 
mice.  The  favorable  effects  included:  decreased  proteinuria, 
decreased  anti-DNA  antibodies,  and  increased  survival.  No  toxicity 
was  observed.  Little  immunosuppression  was  seen.  Ribavirin  was  at 
least  as  effective  as  cyclophosphamide. 

2.  Suppressor  cells  from  young  NZB  mice  were  given  to  NZB  mice  from  4 
weeks  of  age  with  retardation  in  (a)  autoimmune  hemolytic  anemia  (b) 
renal  disease  (c)  lymphoreticular  proliferation.  The  relevant  cell 
was  corticosteroid  and  X-radiation  sensitive. 

3.  Supernatants  from  BALB/c  spleen  cells  stimulated  with  Concanavalin  A 
were  given  to  NZB/NZW  mice  starting  at  18-19  weeks  of  age.  Such  mice 
had  prolonged  survival.  The  10,000  molecular  weight  fraction  was  at 
least  as  effective  as  the  whole  supernatant. 

4.  Androgens  prolong  life  in  female  NZB/NZW  mice  when  treatment  is 
started  before  and  when  started  after  the  onset  of  illness. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

These  studies  are  designed  to  provide  background  experience  for  clinical 
studies  in  which  drugs  may  be  given  in  a  more  effective  manner  to  humans  with 
SLE.  Trials  of  the  anti-viral  drug  Ribavirin  will  be  considered  in  humans  on 
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the  basis  of  these  studies.  Possible  hormonal  intervention  will  be  considered 
in  the  future. 

Continued  study  in  mice  may  provide  the  background  information  necessary  for 
immunological  intervention  in  humans  with  SLE.  Suppressor  factors  may  be  of 
value  in  humans  in  the  future. 

Proposed  Course:  ' 

Further  study  of  anti-viral  agents.  Attempt  to  better  treat  New  Zealand 
mice  with  soluble  suppressor  substances  and  to  better  characterize  such 
substances.  Immunologic  studies  with  suppressor  substances.  Further 
study  of  therapy  with  androgens  that  could  be  used  in  humans. 

Publications: 

1  Steinberg,  A.D.:  Principles  of  Immunosuppressive  Therapy.  In 
Louhija,  A.,  and  Valtonen,  V.  (Ed.):  Internal  Medicine:  19/6  Topics. 
Basel,  Switzerland,  S.  Karger,  1977,  pp.  85-91. 

2  Steinberg,  A.D.,  Krakauer,  R.,  Reinertsen,  J.L.,  Klassen,  L.W., 
Ilfeld,  D.,  Reeves,  J. P.,  Williams,  G.W.  ?nd  Antonovych,  T. :  Thera- 
peutic studies  in  NZB/NZW  mice.  VI.  Age-dependent  effects  of 
Concanavalin  A  stimulated  spleen  cell  supernate.  Arthritis  Rheum. 
21:  204-209,  1973. 

3.  Steinberg,  A.D.,  and  Williams,  G.W.:  Pharmacological  immunosup- 
pression. In  Sampter,  M.  (Ed.)  Clinical  Immunology.  1978. 

4.  Steinberg,  A.D.,  Klassen,  L.W.,  Raveche,  E.S.,  Gerber,  N.L., 
Reinertsen,  J.L.,  Krakauer,  R.S.,  Ranney,  D.F.,  Gershwin,  M.E., 
Kovacs,  K.,  Williams,  G.W.,  and  Reeves,  J. P.:  Study  of  the  multiple 
factors  in  the  pathogenesis  of  autoimmunity  in  New  Zealand  mice. 
Arthritis  Rheum.  21:  S190-S201,  1978. 

5.  Duvic,  M.,  Steinberg,  A.D.,  and  Klassen,  L.W. :  Effect  of  the  anti- 
estrogen,  Nafoxidine,  on  NZB/W  autoimmune  disease.  Arthritis  Rheum. 
21:  414-417,  1978. 

6.  Kovacs,  K.,  Reeves,  J. P.,  and  Steinberg,  A.D.:  Modification  of 
NZB/NZW  disease  by  sex  hormones.  J.  Immunopharmacol  (in  press). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Patients  with  SLE  have  anti-T-cell  antibodies  and  loss  of  a  subpopulation  of  T- 
cells.  Excessive  B  cell  activity  and  loss  of  regulatory  celsl  occurs  in  patients 
with  active  SLE,  and  is  often  normal  in  SLE  patients  in  remission.  Loss  of  both 
helper  T  eel  Is  and  suppressor  T  cells  may  occur  in  patients  with  active  SLE  and  may 
be  caused  by  the  spontaneous  production  of  anti-T-cell  antibodies. 
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Project  Description: 

Objectives: 

To  apply  the  newer  understanding  of  basic  immunologic  principles  and 
observations  in  New  Zealand  mice  (who  develop  a  lupus-like  disease)  to  the 
study  of  patients  with  SLE. 

Methods  Employed: 

1.  Study  of  families  of  patients  with  SLE  or  larger  groups  of  patients 
with  a  high  incidence  of  SLE.  A  battery  of  immunologic  measurements 
would  be  made  in  such  patients. 

2.  Study  of  lymphocytes  from  patients  with  SLE. 

a.  Distribution  on  discontinuous  gradients. 

b.  Number  and  distribution  of  T,  B  and  null  cells  and  their 
responses  to  mitogens  or  allogeneic  cells. 

c.  Relationship  between  anti-lymphocyte  antibodies  in  patients 
with  SLE  and  abnormalities  of  cell  number  and/or  function. 

d.  Study  of  antibody  producing  plaque  forming  cells  (PFC)  in  the 
peripheral  blood  of'  patients. 

e.  Study  of  anti-lymphocyte  antibodies  by  use  of  the  fluorescence 
activated  cell  sorter  (FACS). 

Major  Findings: 

1.  Patients  with  SLE  have  abnormal  distributions  of  peripheral  blood 
lymphocytes.  Those  with  active  disease  have  a  relative  decrease  in  a 
subpopulation  of  T  cells  and  an  increase  in  null  cells. 

2.  Anti -lymphocyte  antibodies  occur  in  association  with  increased  acti- 
vity of  patients  with  SLE.  These  antibodies  can  reduce  the  number  of 
peripheral  T  cells  and  interfere  with  their  function,  especially 
suppressor  cell  generation. 

3.  Antibodies  to  human  lymphocytes  found  in  sera  from  patients  with  SLE 
are  readily  studied  on  the  FACS.  IgM  antibodies  to  T  cells  recognize 
100%  of  the  T  cells  of  normals  and  patients  with  SLE,  indicating  no 
specificity  for  a  subpopulation  -  such  as  helper  or  suppressor  cells. 
Nevertheless,  such  antibodies  preferentially  kill  suppressor  cells 
in  vitro  and  probably  preferentially  inactivate  them  jn_  vivo. 

4.  Purified  T  cell  populations  were  activated  with  Concanaval ine  A  and 
studied  for  ability  to  suppress  B  and  T  cell  functions.  SLE 
patient's  T  cells  were  defective  in  their  ability  to  generate 
suppressor  signals,  but  were  able  to  respond  to  noraml  suppressor 


signals, 
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5.  Patients  with  active  SLE  have  increased  quantities  of  antibody 
producing  PFC  to  defined  chemical  haptens.  Patients  with  inactive 
SLE  were  not  significantly  different  from  controls. 

6.  In  a  randomized  double-blind  trial  of  influenza  vaccination  in  40  SLE 
patients,  those  receiving  influenza  vaccine  had  no  increase  in 
adverse  effects;  however,  they  had  reduced  antibody  responses. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

Populations  for  further  study  are  being  defined  and  techniques  refined  for 
continued  study  of  humans  with  SLE.  It  is  hoped  that  the  rewarding  observa- 
tions in  the  animal  model  of  SLE,  New  Zealand  mice,  can  continue  to  be  applied 
to  the  study  of  the  human  disease  itself. 

The  studies  of  PFC  suggest  that  patients  with  SLE  have  generalized  B  cell 
hyperactivity  rather  than  selective  B  cell  hyperactivity  towards  self- 
antigens.  Loss  of  suppressor  and  helper  cells  in  human  SLE  is  associated  with 
(a)  disease  activity  and  (b)  anti-T-cell  antibodies,  suggesting  that  the  lesion 
is  not  permanent  and  that  appropriate  specific  prevention  may  be  possible. 

The  ability  of  SLE  patients  to  tolerate  influenza  vaccination  without  flares  of 
disease  activity  strikes  down  anecdotes  in  the  literature  regarding  the 
undesirability  of  immunizing  SLE  patients.  This  will  allow  such  people  to 
receive  adequate  vaccination  programs  in  the  future. 

Proposed  Course: 

Continue  the  studies  initiated. 

Publications: 

1.  Gershwin,  M.E.,  Glinski,  W. ,  Chused,  T.M.  and  Stienberg,  A.D.: 
Lymphocyte  dependent  antibody  mediated  cytolysis  of  DNA-anti-DNA 
coated  target  cells  using  human  and  murine  effector  populations. 
Clin.  Immunol.  Immunopathol  8:  280-291,  1977. 

2.  Edelson,  R.,  Finkelman,  F.,  Steinberg,  A.,  Ahmed,  A.,  Broder,  S., 
Strong,  M. ,  and  Green,  I.:  Reactivity  of  systemic  lupus  erythema- 
tosus antibodies  with  leukemia  helper  T  cells.  J.  Invest.  Dermatol. 
70:  42-44,  1978. 

3.  Sakane,  T.,  Steinberg,  A.D.  and  Green,  I.:  Studies  of  immune 
functions  of  patients  with  SLE.  I.  Failure  of  suppressor  T  cell 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Methodology  has  been  developed  to  follow  the  life  cycle  of  lysosomal 
enzymes  in  fibroblasts  cultured  from  normal  Individuals  as  well  as  from 


patients  with  mucopolysaccharidoses  and  mucolipidoses,  in  which  this  cycle 
may  be  faulty.   The  pinocytosis  of  a  representative  enzyme  a-L-iduronidase 
into  the  cells  includes:  (1)  a  receptor-binding  step  which  is  inhibited  by 
mannose  6-phosphate  and  by  model  proteins  to  which  this  sugar  has  been 
attached,  as  well  as  by  a  naturally  occurring  glycoprotein;  and  (2)  additional 
step(s)  which  are  inhibited  by  ammonia,  procaine  and  chloroquine.   The  enzyme 
taken  up  is  incorporated  into  lysosomes,  which  can  be  isolated  on  a  gradient 
of  colloidal  silica. 
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Project  Description: 

Objectives : 

To  study  normal  lysosomal  function  as  well  as  the  biochemical  defects  in 
genetic  disorders  of  such  function,  as  in  mucopolysaccharidoses  and  muco- 
lipidoses, and  to  use  the  findings  for  medical  assistance  to  the  patients 
and  their  families. 

Methods  Employed: 

Standard  methods  of  enzymology  are  used  for  the  purification  and  assay  of 
enzymes.   Antibodies  against  purified  lysosomal  enzymes  are  raised  in  goats. 
Cultures  of  human  diploid  fibroblasts  are  grown  in  conventional  manner  and 
used  for  isolation  of  organelles,  determination  of  enzyme  activity  and  studies 
of  enzyme  uptake.   Methods  of  organic  chemistry  are  used  to  attach  carbohydrates 
to  model  proteins. 

Major  Findings: 

1.  A  new  procedure  has  been  developed  for  fractionating  fibroblasts  and 
isolating  organelles  on  a  gradient  of  colloidal  silica.   Hydrolases  are  found 
to  have  a  bimodal  distribution:  roughly  half  sediments  in  a  peak  which  is 
denser  than  most  organelles  and  is  made  up  of  residual  bodies,  whereas  the 
remainder  is  in  a  peak  with  a  density  similar  to  that  of  membranous  bodies 
such  as  the  Golgi  and  endoplasmic  reticulum.   Acid  phosphatase  in  the  more 
buoyant  peak  is  associated  with  large  bodies  that  may  be  derived  from  GERL. 
Endocytosed  enzyme  appears  in  both  peaks. 

2.  Because  of  evidence  implicating  mannose  6-phosphate  as  part  of  the 
recognition  marker  for  the  endocytosis  of  hydrolytic  enzymes  by  fibroblasts,  a 
model  compound  has  been  prepared  by  coupling  p-aminophenyl-mannose  6-phosphate 
to  bovine  serum  albumin,  using  thiophosgene.   The  resulting  "neoglycoprotein" 
inhibits  the  uptake  of  a-L-iduronidase  into  fibroblasts,  but  the  inhibition  is 
no  greater  than  that  of  an  equivalent  amount  of  mannose  6-phosphate.   Similar 
results  were  obtained  with  oligosaccharides  (containing  a  terminal  mannose 
6-phosphate)  which  had  been  coupled  to  low  density  lipoprotein  or  ribonuclease 
by  cyanoborohydride.   (We  are  grateful  to  Drs.  Murray  and  Neville,  NIMH  for 
these  compounds).   These  findings  suggest  that  mannose  6-phosphate  cannot  be 
the  only  residue  needed  for  uptake. 

3.  Several  amines  (chloroquine,  procaine  and  ammonia)  have  been  shown  to 
inhibit  the  endocytosis  of  a-L-iduronidase  non-competitively,  probably  by 
interfering  with  some  step  after  the  binding  to  receptor. 

4.  A  new  and  sensitive  assay  has  been  devised  for  sialidase:  the  substrate 
is  prepared  by  reducing  sialyllactose  (1  ->-  3  and  1  -*■  6  isomers)  with  NaB^H^  to 
the  lactitol  derivative;  the  neutral  product  is  separated  from  the  anionic 
substrate  on  small  columns  of  anion  exchanger.   The  assay  detects  sialidase  in 
fibroblasts,  and  is  used  to  study  the  relationship  of  sialidase  deficiency  to 
the  other  defects  of  I-cell  disease. 
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5.   Iduronate  sulfatase  has  been  purified  from  human  plasma  over  50,000 

fold  (to  ca.  10%  purity) .   The  starting  material  is  a  fraction  supplied  by  the 

American  Red  Cross  Blood  Research  Laboratory,  which  is  already  highly  enriched 
in  the  enzyme. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute:   ^ 

This  project,  begun  in  1967,  has  led  to  the  elucidation  of  biochemical 
defects  and  to  the  development  of  precise  diagnostic  methods  for  a  class  of 
genetic  diseases.   Current  efforts  deal  with  mechanisms  responsible  for  the 
normal  functioning  of  lysosomes  and  the  correct  insertion  of  hydrolytic  enzymes 
into  these  organelles.   The  existence  of  a  receptor-recognition  system  for 
hydrolytic  enzymes  suggests  the  presence  of  associated  regulatory  mechanisms, 
diseases  of  the  receptor  system,  as  well  as  the  possible  exploitation  of  this 
system  for  drug  delivery. 

Proposed  Course: 

1.  The  "neoglycoproteins"  obtained  by  coupling  mannose  6-phosphate  to 
model  proteins  will  be  labeled  with  -'-^-^I  to  measure  uptake  and  degradation  by 
fibroblasts.   However,  the  relatively  low  affinity  of  these  coumpounds  ('K±   '^ 
10~6m  in  the  uptake  inhibition  assay)  makes  it  unlikely  that  they  would  be  use- 
ful for  studies  of  receptor  binding.   Therefore,  the  naturally-occurring 
inhibitor  of  uptake  will  be  puiified  from  urine  and  likewise  labeled  with 
l^Sx  for  studies  of  uptake  and  degradation.   This  material  will  probably  be 
useful  for  receptor-binding  studies  because  of  its  apparently  high  affinity 
the  fibroblasts  (Ki  =  10~Sm) .   If  successful,  the  binding  studies  will  be 
extended  to  cells  from  other  species  and  tissues  and  to  virally  transformed 
cells.   After  the  binding  assay  is  developed  and  a  rich  source  identified,  the 
receptor  will  be  purified. 

2.  The  natural  history  of  hydrolases  will  be  studied.   The  specific 
question  to  be  answered  is  whether  the  enzjrmes  are  secreted  as  an  obligatory 
step  for  insertion  into  lysosomes.   Cells  will  be  pulsed  with  radioactive 
amino  acid,  sugar  and  phosphate.   Newly  synthesized  enzyme  will  be  localized 
(using  the  colloidal  silica  fractionation  method)  in  lysosomes,  on  the  cell 
membrane,  in  the  mixed  endoplasmic  reticulum-Golgi-GERL  fraction,  and  in  the 
culture  medium.   We  have  prepared  antibodies  to  several  hydrolases;  the  most 
useful  one  appears  to  be  that  against  hexosaminidase  B,  which  precipitates 
the  enzyme  without  significant  contamination  by  other  proteins,  as  determined 
by  f luorography.   These  methods  should  make  it  possible  to  deduce  the  path  of 
the  acid  hydrolase  from  its  site  of  synthesis  to  its  eventual  residence  in 
lysosomes. 

3.  The  first  step  in  the  purification  of  iduronate  sulfatase  involves 
adsorption  of  a  plasma  fraction  prepared  by  the  American  Red  Cross  to  a  columngj-, 
of  DEAE-Sephadex,  to  remove  the  retinol-binding  protein  and  ceruloplasmin  whi' ■--.- 
are  the  major  components  of  that  fraction.   The  sulfatase  is  eluted  last  because 
of  its  high  negative  charge.   The  step  appears  to  be  sufficiently  simple  to 
develop  it  into  a  pilot-plant  procedure  for  making  a  concentrate  of  the  enzyme. 
Such  a  concentrate  could  be  useful  for  enzyme  replacement  in  the  Hunter  syndrome. 
The  fate  of  the  iduronate  sulfatase  will  first  be  studied  in  cultured  cells  and 
in  animals.  ^^^ 
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SUMMARY  OF  WORK  (200  ^ords  or  less  -  underline  keywords) 

We  are  pursuing  and  in-depth  investigation  on  the  structure  and  function  of 
the  membrane  receptor  for  IgE.  For  these  studies  intact  cells  from  a  rat  baso- 
philic leukemia  as  well  as  normal  rat  mast  cells  are  being  used.  In  addition 
receptor-bearing  membrane  vesicles  and  solubilized  receptors  are  being  studied. 
The  aim  is  to  understand  the  structure  of  the  receptor  as  well  as  its  integra- 
tion in  the  plasma  membrane.  Results  of  such  studies  as  well  as  direct  func- 
tional studies  are  aimed  at  understanding  the  early  stimulation  of  cells  by 
antigen-induced,  antibody-mediated  reactions. 
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Project  Description: 
Objectives: 

IgE  is  a  unique  class  of  immunoglobulin  which  plays  a  predominant  role 
in  the  physiological  events  associated  with  a  variety  of  allergic  phenomena. 
The  immunoglobulin  becomes  attached  to  the  surface  of  basophils  and  mast 
cells  and,  upon  exposure  to  the  allergenic  antigen,  mediates  the  release  of 
histamine  and  other  vasoactive  amines  from  the  cells  to  which  it  is  attached. 
Although  there  is  an  increasing  amount  of  information  concerning  the  biochem- 
istry of  this  reaction  almost  nothing  is  known  about  how  the  IgE  acts  as  the 
cell  surface  transducer.  The  present  project  is  directed  towards  increasing 
our  understanding  of  how  the  IgE  interacts  with  mast  cells.  In  addition  we 
wish  to  understand  the  mechanism  by  which  the  ternary  complex  of  antigen-IgE 
antibody--cell  surface  receptor  triggers  the  degranulation  of  basophilic 
cells. 

Methods  Employed: 

New  methods  used  include  Ca"*""*"  flux  studies,  use  of  esterase  inhibitors, 
and  amino  acid  analysis  of  purified  receptors. 

Major  Findings: 

Since  our  previous  report  the  following  has  been  accomplished: 

1 .  Studies  of  the  receptor  on  intact  cells. 

a.  Previous  studies  had  indicated  that  the  IgE-binding  activity  was 
reduced  during  the  lag  phase  of  cells  grown  in  culture.  Recent 
studies  using  solubilized  cells  suggest  this  "loss"  is  due  to  a 
decrease  in  availability  of  the  surface  receptors  for  binding  of 
IgE.  (Isersky  and  Rivera,  in  preparation) 

b.  Studies  on  the  dissociation  of  IgE  from  rat  basophilic  leukemia 
cells  cultured  over  prolonged  periods  indicate  that: 

i.   There  appear  to  be  two  dissociation  rates:  one  (accounting 
for  about  one-third  of  the  bound  IgE)  with  a  one-half  time 
of  dissociation  of  7-14  hours,  and  a  second  (accounting  for 
the  remaining  two-thirds  with  a  one-half  time  of  dissocia- 
tion of  '^-60  hours. 

ii.  The  surface  bound  IgE  appears  from  E.M.  radioautographic 
studies  to  remain  on  the  surface  for  at  least  100  hours. 
That  is,  there  is  no  evidence  for  internalization.  However 
the  most  slowly  dissociating  IgE  appears  to  be  less-readily 
dissociated  at  acid  pH's,  more  resistant  to  tryptic  hydrol- 
ysis and  slightly  less  available  for  binding  by  anti-IgE. 
(C.  Isersky,  J.  Rivera,  T.  Triche,  in  preparation) 
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c.  Effect  of  anti-receptor* antibodies.  Solubilization  of  rat  baso- 
philic leukemia  cells  saturated  with  IgE,  inmunoprecipitation  of 
IgE-receptor  complexes  by  anti-IgE,  and  gel  filtration  in  O.IM 
acetic  acid  of  the  washed  dissolved  precipitates  has  been  found 
to  provide  a  simple  method  for  preparing  receptors  contaminated  ^^ 
mainly  with  rabbit  IgG  (anti-IgE).  A  rabbit  immunized  with  this** 
material  yielded  antibodies  which  combine  with  receptors  either  '  ■ 
on  intact  cells  or  solubilized  by  detergent.  Such  antibodies  in 
the  absence  of  IgE  are  capable  of  triggering  degranulation  of  a 
secreting  subline  of  the  rat  basophilic  cells  as  well  as  normal 
mast  cells.  Fab  fragments  of  the  antibodies  do  not  work.  This 
study  provides  convincing  evidence  that  the  cell  surface  receptor 
for  IgE  is  involved  directly  in  the  stimulatory  mechanism  and 
that  IgE  plays  only  an  indirect  role.  (9) 

2.  Other  studies  on  intact  cells. 

a.  Extra-cellular  Ca"*"^  is  required  for  IgE-mediated  degranulation 
of  normal  mast  cells  and  the  basophilic  leukemia  cells  (4). 
Others  have  demonstrated  an  apparent  increase  in  Ca'*'"'"  permeabil- 
ity during  triggering  of  normal  mast  cells  by  showing  an 
increased  radioactivity  in  cells  incubated  with  '+^Ca  during 
stimulation.  We  have  not  seen  palpable  increases  in  45ca-uptake 
with  the  tumor  cells  but  have  seen  a  stimulated  efflux  in  cells 
incubated  with  45ca  prior  to  triggering.  This  efflux  is  trans-  X*" 
ient  and  appears  not  to  be  simply  related  to  the  secretory  pro-  \ 
cess  itself.  An  in-depth  study  is  being  undertaken  since  this 

may  represent  a  highly  significant  and  useful  biochemical  indi- 
cator of  early  events  in  exocytosis.  Until  now  only  histamine 
(or  serotonin)  release  was  available  to  us  as  an  indicator  that 
triggering  had  occurred.  (Fewtrell  and  Metzger,  studies  in  pro- 
gress) 

b.  It  has  been  suggested  that  during  triggering  of  mast  cells  a 
serine  esterase  (protease)  is  activated.  This  was  based  on  the 
observation  that  diisopropyl  fluorophos  phonates  (DPP)  inhibited 
release  when  the  inhibitors  were  present  during  IgE-mediated 
triggering.  Recently  non-phosphorylating  analogues  of  DFP  were 
tested  and  found  to  produce  the  same  inhibition  as  the  esterase 
inhibitors.  This  observation  suggests  that  the  effects  observed 
with  DFP  and  related  compounds  is  not  due  to  inhibition  of  a 
serine  esterase.  (J.D.  Tauorg,  in  preparation) 


c. 


As  indicated  above  (Sec  Ic)  receptor  aggregation  per  se  appears  /^ 
to  be  adequate  to  stimulate  mast  cell  secretion.  The  direct    \" 
sequelae  of  aggregation  are  entirely  unknown.  A  fruitful 
approach  may  be  to  determine  if  either  before  or  after  triggering 
the  receptor  becomes  associated  with  other  macromolecules.  To 
study  this  studies  have  been  begun  to  see  if  cross-linking  rea- 
gents applied  to  intact  cells  can  be  used  to  detect  such  associa- 
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tions.  A  variety  of  technical  problems  have  been  encountered 
and  we  are  trying  to  overcome  these  so  that  this  approach  can  be 
used.  (D.  Holowka  and  H.  Metzger,  studies  in  progress) 

d.  In  collaboration  with  Dr.  R.  Siraganian  it  has  been  found  that 
the  cell  line  previously  thought  to  have  grown  from  mouse  masto- 
cytoma cells  are  in  fact  a  subline  of  the  rat  basophilic  leukemia 
cells  (11) 

3.  Studies  of  the  solubilized  receptor 

a.  Purification  -  After  considerable  difficulty  a  reproducible  and 
efficient  method  has  been  developed  to  obtain  purified  receptors. 
Solid  basophilic  leukemia  cell  tumors  are  converted  to  an  acetone 
powder.  The  powder  is  extracted  with  aqueous  buffers  and  then 
the  receptors  solubilized  with  detergent.  After  concentration 
with  polyethylene  glycol  the  receptors  which  have  been  reacted 
with  haptenated  IgE  are  trapped  on  an  anti-hapten  column.  The 
latter  is  exhaustively  washed  and  the  receptor-IgE  complexes 
specifically  released  with  O.OGIM  hapten.  By  a  variety  of  cri- 
teria these  complexes  can  be  shown  to  be  free  of  other  cell 
components.  Subsequent  quantitative  dissociation  of  the  receptor- 
IgE  complexes  on  SDS  gel  filtration  columns  yield  pure  receptor. 
Two  to  three-hundred  yg  of  receptor  ('^^3  nmoles)  can  be  obtained 
from  the  tumors  grown  in  30-40  baby  rats.  (J.  Kanellopoulos , 

G.  Rossi  and  H.  Metzger,  manuscript  in  preparation) 

b.  Analysis  -  Compositional  analysis  of  the  receptor  has  begun. 
The  amino  acid  composition  is  unremarkable  but  shows  methio- 
nine, cysteine  and  lysines  and  arginines  so  that  cleavage  studies 
should  be  productive.  Initial  results  suggest  a  moderate  amount 
(10-15%)  carbohydrate.  Molecular  weight  determinations  on  cali- 
brated SDS  columns  and  by  amino  acid  analysis  are   in  progress. 
(J.  Kanellopoulos,  D.  Liu  and  H.  Metzger,  work  in  progress) 

c.  Other  studies  -  Previous  studies  have  revealed  a  variety  of  dis- 
crepancies in  the  molecular  weight  estimates  and  were  unable  to 
exclude  that  more  than  a  single  polypeptide  chain  contributed  to 
the  receptor.  Recent  work  (Kanellopoulos  and  Metzger)  suggests 
that  if  a  second  chain  exists  it  either: 

i.   is  similar  in  size  to  the  one  already  discovered  or 

ii.  dissociates  fairly  readily  under  the  conditions  used  for 
purification. 

To  resolve  this  question  solubilized  cell  extracts  are  subjected 
to  cross-linking  reagents  under  conditions  where  cross-linking 
of  non-associated  polypeptide  chains  is  minimized.  It  has  been 
found  that  a  substantial  fraction  of  the  principle  receptor 
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polypeptide  chain  becomes  cross-linked  to  another  component  to 
form  a  discrete  new  cross-linked  complex.  The  nature  of  this 
second  component  is  under  intensive  study.  (H.  Hartmann  and  H. 
Metzger,  work  in  progress) 

Significance  to  Bio-Medical  Research  and  the  Program  of  the_  Institute 

The  IgE  mast  cell  system  is  of  significance  in  the  pathophysiology  of 
allergy,  parasitic  infections,  and  inflammation.  It  is  also  an  experimentally 
convenient  system  to  study  mechanisms  of  antigen-induced  antibody-mediated 
cellular  reactions  in  general.  Finally  it  is  an  excellent  model  for  the 
study  of  exocytosis.  So  far  we  are  continuing  to  make  good  progress  in  the 
elucidation  of  the  molecular  mechanisms  of  this  system.  Knowledge  of  these 
may  eventually  permit  rational  intervention  in  situations  where  the  system 
contributes  to  pathology. 

Proposed  Course 

1.  Further  studies  on  the  'natural  history'  of  IgE  receptors  on  intact 
cells  especially  with  regard  to  post-triggering  events.  For 
example  is  the  receptor  internalized,  degraded,  associated  with 
other  components? 

2.  Elucidation  of  the  component  with  which  the  major  polypeptide  chain 
of  solubilized  receptor  is  associated  when  reacted  with  cross-linkina 
reagents.  '' 

3.  Characterization  of  principle  chain  of  receptor,  completion  of  comp- 
ositional analysis,  end  group  analysis,  cleavage  studies. 

4.  Attempts  to  dissociate  active  receptors  from  purified  IgE-receptor. 

5.  Develop  structural  criteria  for  'normal'  insertion  of  receptor  in 
cell  membrane.  Using  these  criteria  attempt  reconstitution  experi- 
ments on  lyposomes  and  intact  cells. 

5.  Continue  to  search  for  early  biochemical  events  in  triggering:  Ca"*" 
flux  studies,  phosphorylation  studies. 

Pub! ications 

1.  Metzger,  H.:  The  Cellular  Receptor  for  Immunoglobulin  E.  In 
Cuatrecasas,  P.  and  Greaves,  M.  (Eds.):  Receptors  and  Recognition. 
1977,  pp. 73-102. 

2.  Metzger,  H.,  Elson,  E.L.,  Isersky,  C,  Mendoza,  G.R.,  Newman,  S.A., 
Rossi,  G.,  and  Schlessinger,  J.:  Valency,  mobility,  and  membrane 
integration  of  the  cell  surface  receptor  for  IgE.  Proc.  IX  Inter- 
national Congress  for  Allergology,  Buenos  Aires,  October  24-30, 
1975;  pp.  180-186,  1977. 
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3.  Metzger,  H.:  Early  Molecular  Events  in  Immunoglobulin  E  Mediated 
Mast  Cell  Exocytosis.  In  Herzenberg,  L.,  and  Fox,  C.F.  (Eds.): 
The  Immune  System:  Genes  and  the  Cells  in  Which  They  Function.  New 
York,  Academic  Press,  1977,  pp. 679-690. 

4.  Taurog,  J.D.,  Mendoza ,  G.R.,  Hook,  W.A.,  Siraganian,  R.P.,  and 
Metzger,  H.:  Non-cytotoxic  IgE-mediated  release  of  histamine  and 
serotonin  from  murine  mastocytoma  cells.  J.  Immunol .  119:  1757- 
1761,  1977. 

5.  Metzger,  H.:  The  Mast  Cell  Receptor  for  Immunoglobulin  E:  Progress 
and  Prospects.  In  Mandel ,  T.E.  (Ed.):  Progress  in  Immunology,  III, 
Sydney,  Australia,  Australian  Academy  of  Science,  1977,  pp.  427-430. 

6.  Metzger,  H.,  and  Bach,  M.K.:  The  Receptor  for  IgE  on  Mast  Cells  and 
Basophils:  Studies  on  IgE  Binding  and  On  the  Structure  of  the  Recep- 
tor. In  Bach,  M.K.  (Ed.):  Modern  Concepts  and  Developments  in 
Immediate  Hypersensitivity.  Marcel  Dekker,  1978  (In  press). 

7.  Braylan,  R.C.,  Jaffe,  E.S.,  Triche,  T.J.,  Nanba,  K. ,  Fowlkes,  B.J., 
Metzger,  H.,  Frank,  M.M.,  Dolan,  M.S.,  Yee ,  C.L.,  Green,  I.,  and 
Berard,  C.W.:  Structural  and  functional  properties  of  the  "hairy" 
cells  of  leukemic  reticuloendothel iosis.  Cancer  41 :  210-227,  1978. 

8.  Metzger,  H.:  The  effect  of  antigen  on  antibody:  Recent  studies. 
In  Contemporary  Topics  in  Molecular  Irrmunology.  7:  119-153,  1978. 

9.  Isersky,  C. ,  Tauorg,  J.D.,  Poy,  G.,  and  Metzger,  H.:  Triggering 
of  cultured  tumor  mast  cells  by  antibodies  to  the  receptor  for 
IgE.  J.  Inmunol .  (In  press),  1978. 

10.  Metzger,  H.:  The  IgE-mast  cell  system  as  a  paradigm  for  the  study 
of  antibody  mechanisms.  Immunological  Reviews.  1978  (In  press). 

11.  Siraganian,  R.P.,  and  Metzger,  H.:  Evidence  that  the  "mouse  masto- 
cytoma" cell  line  (MCT-1 )  is  of  rat  origin.  J.  Iimunol .   (In  press), 
1978. 

Publications  Previously  Cited  as  "In  Press" 

1.  Isersky,  C,  Mendoza,  G.R.,  and  Metzger,  H.:  The  binding  of  anti- 
bodies to  the  solubilized  and  membrane  integrated  mouse  and  rat 
receptor  for  IgE.  J.  Immunol.  119:  123-130,  1977. 

2.  Segal,  D.M.,  Taurog,  J.D.,  and  Metzger,  H.:  Dimeric  immunoglobulin 

E  serves  as  a  unit  signal  for  mast  cell  degranulation.  Proc.  Nat'l. 
Acad.  Sci,  U.S.A.  74:  2993-2997,  1977. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Aspirin,  an  important  drug  in  the  therapy  of  many  connective  tissue 
diseases  including  systemic  lupus  erythematosus,  has  been  found  (Seaman,  W.E. 
and  Plotz,  P.H.,  Arth.  Rheum.  19:155-160,  1976)  to  raise  serum  creatinine  and 
BUN  and  lower  creatinine  clearance  when  administered  to  some  patients  with  SLE 
as  well  as  to  some  normal  volunteers.  Although  this  effect  appears  to  be 
rapidly  and  completely  reversible,  if  it  is  unrecognized  it  may  falsely  suggest 
deteriorating  renal  function  due  to  activity  of  the  underlying  disease.  Our 
studies  have  shown  that  this  effect  is  related  to  renal  blood  flow  and  tubular 
function,  and  that  it  correlates  with  renal  output  of  prostaglandin.  Other 
drugs  besides  aspirin  which  inhibit  prostaglandin  synthetase  also  cause  these 
effects. 
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Project  Description: 

Objectives : 

To  investigate  the  mechanism  of  the  apparent  alteration  in  renal  func- 
tion induced  by  prostaglandin-synthetase-inhibiting  non-steroidal  anti- 
inflammatory drugs. 

Methods  Employed: 

In  patients  requiring  aspirin  therapy,  careful  studies  of  renal  function 
are  performed.  In  selected  patients  with  systemic  lupus  erythematosus, 
studies  include  inulin  and  PAH  clearances  to  determine  GFR,  RBF,  and  tubular 
function. 

Major  Findings: 

Aspirin  and  other  non-steroidal  anti -inflammatory  drugs  in  therapeutic 
doses  produces  an  acute  fall  in  creatinine  clearance  in  some  patients  with 
systemic  lupus  and  in  some  normals. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

Recognition  of  these  effects  should  prevent  misinterpretation  of  alter- 
ations in  renal  function  in  patients  taking  drugs  that  influence  renal 
prostaglandin  synthesis. 

Proposed  Course: 

Observations  will  continue  to  be  made,  but  no  further  formal  series  are 
planned. 

Publications: 

1.  Kimberly,  R.P.,  Bowden ,  R.E.,  Keiser,  H.R.,  and  Plotz,  P.H.:  Re- 
duction of  renal  function  by  newer  nonsteroidal  anti -inflammatory 
drugs.  Amer.  J.  Med.  54:  804-807,  1978. 

2.  Kimberly,  R.P.,  Gill,  J.R.,  Bowden,  R.E.,  Keiser,  H.R.,  and  Plotz, 
P.H.:  Elevated  urinary  prostaglandins  and  the  effects  of  aspirin 

on  renal  function  in  lupus  erythematosus.  Ann.  Int.  Med.  (In  press). 
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SUMMARY    CF    WORK    (200    .lords    or    less    -   underline    <eywords) 

The  evaluation  of  long  term  randomized  therapeutic  studies  of  SLE  would  be 
facilitated  by  the  development  of  a  comprehensive  clinical  database.  In  this 
project,  an  ongoing  computerized  storage  and  retrieval  system  will  be  used  to 
monitor  clinical  and  therapeutic  information  on  SLE  patients  participating  in 
studies  of  immunosuppression  and  diffuse  glomerulonephritis. 
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Project  Description: 

Objectives: 

Long  term  randomized  trials  comparing  the  efficacies  of  several  different 
forms  of  immunosuppressive  therapies  and  prednisone  in  the  treatment  of 
SLE  diffuse  glomerulonephritis  have  been  in  progress  within  our  branch 
since  1970.  These  studies  require  careful  monitoring  of  sequential 
observations  of  drug  administration,  clinical  and  laboratory  studies  and 
complications  to  determine  the  superiority  of  any  single  program.  It  is 
the  objective  of  this  project  to  develop  a  computerized  data  storage  and 
retrieval  system  to  monitor  and  evaluate  these  clinical  trials. 

Methods  Employed: 

A  time  oriented  database  will  be  used  to  record  drug  administration, 
clinical  manifestations,  studies  of  renal  function,  relevant  laboratory 
studies  and  select  complications  of  SLE  patients  participating  in  immuno- 
suppressive studies.  Information  will  be  made  current  at  the  time  of  each 
inpatient,  as  well  as  outpatient.  Clinical  Center  visits.  The  entry  of 
data  will  be  made  from  terminals  located  within  the  Clinical  Center  and 
datafile  stored  at  DCRT. 

Major  Findings: 

None  at  this  time. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

This  project  will  benefit  ARB  clinical  research  activities  by  ( 1 )  facilitating 
the  monitoring  and  assessment  of  therapeutic  studies  of  SLE,  (2)  permitting 
analysis  of  interrelationships  of  multiple  variables  in  the  course  of  SLE  and 
(3)  improvement  of  the  care  of  SLE  patients  participating  in  ARB  studies. 

Proposed  Course: 

The  entry  of  data  will  be  made  both  from  retrospective  information 
collected  from  patients  involved  in  current  trials  and  prospectively  once 
a  file  has  been  established.  Analyses  of  changes  in  renal  function  using 
a  commulative  summation  technique  will  be  used  to  compare  the  relative 
efficacies  of  different  immunosuppressive  therapies. 


Publications: 


Klippel,  J.H.,  Steinberg,  A.D.,  Balow,  J.L.,  Plotz,  P.H.,  and 
Decker,  J.L.:  Randomized  study  of  intravenous  cyclophosphamide  and 
cyclophosphamide  plus  azathioprine  in  lupus  nephritis.  Arthritis 
Rheum.  21:  570,  1978  (abstract). 


711 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Oo  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl   AM  41030-02  ARB 


PERIOD  COVERED 

October  1 


1977  To  September  30,  1978 


TITLE  OF  PROJECT  (30  characters  or  less) 

Clearance  of  immune  complexes  by  patients  with  systemic  lupus  erythematosus 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI: 

OTHER: 


P.H.  Plotz 

D.  Finbloom 
D.  Magilavy 
M.  Frank 
T.J.  Lawley 
M.  Hamburger 


Senior  Investigator 

Clinical  Associate 
Clinical  Associate 
Chief,  Lab.  of  Clin, 
Investigator 
Clinical  Associate 


Invest. 


ARB  NIAMDD 

ARB  NIAMDD 
ARB  NIAMDD 
LCI  NIAID 
DB  NCI 
LCI  NIAID 


COOPERATING  UNITS  (,  i  f  any) 

Laboratory  of  Clinical  Investigation,  NIAID 
Dermatology  Branch,  NCI 


lab/branch 

Arthritis  and  Rheumatism  Branch 


SECTION 

Connective  Tissue  Disease 


INSTITUTE  AND  LOCATION 

NIAMDD,  NIH,  Bethesda,  Maryland  20014 


TOTAL  MANYEARS: 


PROFESSIONAL: 


1  1/4 


OTHER: 


3/4 


CHECK  APPROPRIATE  BOX(ES) 
n  (a)   HUMAN  SUBJECTS 

D  (al)  MINORS   □  (a2)  INTERVIEWS 


n  (b)  HUMAN  TISSUES 


□  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Clearance  of  IgG  and  IgM-coated  antologous  red  cells  is  studied  in 
patients  with  systemic  lupus  not  taking  corticosteroids.  Abnormal  clearance 
of  IgG-coated  cells  has  been  found  in  some  patients  with  active  disease. 
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Project  Description: 

Objectives: 

To  determine  whether  altered  clearance  of  immune  complexes  is  pathogene- 
tic in  systemic  lupus 

Methods  Employed: 

51 
Autologous  red  cells  are  labeled  with   Cr  and  coated  with  anti-blood 

group  antibody.  The  cells  are  returned  to  the  donor  and  samples  drawn  for 

several  hours  are  tested  for  radioactivity. 

Major  Findings: 

Clearance  of  IgG-coated  RBC  is  abnormal  in  some  patients  with  systemic 
lupus.  Therapy  leading  to  clinical  improvement  is  associated  with  improve- 
ment in  the  clearance  of  complexes. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

This  method  allows  a  probe  of  RE  clearance  of  immune  complexes  in  a 
disease  in  which  the  presence  of  complexes  is  probably  pathogenetic. 

Proposed  Course: 

Work  wil 1  continue. 

Publ ications : 

No  further  publications. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

An  understanding  of  the  biological  functions  of  chromatin  and  chromosomes 
will  require  detailed  knowledge  of  the  internal  architecture  of  its  fundamental 
repeating  subunit ,  the  nucleosome.   Studies  have  been  undertaken  to  examine  the 
internal  arrangement  of  histones ,  and  the  assembly  of  nucleosomes.   In  particulaif 
the  role  played  by  the  arginine-rich  histones,  H3  and  H4,  has  been  studied. 

Also,  we  have  examined  the  role  of  various  histone-histone  interactions  in 
the  conformational  stability  of  the  nucleosome.   One  very  strong  such  interactio' 
intermolecular  disulfide  dimers  between  histones  H3,  has  been  studied  in  detail. 

If,  as  has  been  proposed,  the  nucleosome  has  a  dyad  axis,  then  the  disulfide 
bridge  must  lie  on  this  axis. 


« 
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Project  Description: 

Objectives: 

To  study  the  basic  structure  and  energetics  of  DNA  and  chromosomes  and 
to  use  this  information  to  understand  the  control  of  eukaryotic  gene  expression. 

Methods  Employed: 

Standard  methods  of  molecular  biology,  biochemistry,  and  physical  bio- 
chemistry are  used  to  study  the  structure  of  the  nucleosome.   Computer 
calculations  are  used  to  study  the  energetics  of  DNA  folding  and  supercoiling. 

Major  Findings:  (see  also  ZOl  AM  34001-01  and  ZOl  AM  34001-12  LMB) 

1.  We  reported  some  time  ago  that  the  arginine-rich  histones  H3  and  H4, 
play  a  unique  role  in  the  organization  of  DNA  in  the  nucleosome.   We  have 
extended  our  results  to  show  that  an  octamer  of  only  these  two  histones  is 
able  to  fold  a  DNA  chain  about  140  base  pairs  in  length  into  a  hydrodynamically 
compact  10  S  structure.   This  structure  is  in  fact  very  similar  to  a  canonical 
nucleosome  found  by  such  a  DNA  chain  and  an  octamer  of  the  four  histones,  H2A, 
H2B,  H3  and  H4.   The  arginine-rich  histone  10  S  structure  has  the  following 
properties  it  shares  with  nucleosomes:  (1)  almost  identical  molecular  weights; 
(2)  very  close  frictional  coefficients;  (3)  very  similar  internal  nuclease 
cleavage  sites,  and  (4)  an  octamer  of  these  two  histones  can  supercoil  closed 
circular  DNA  as  effectively  as  an  octamer  of  the  four  histones. 

2.  Reconstituted  nucleosomes  containing  two  H3's  linked  by  an  intermoleculai 
disulfide  bridge  between  the  cysteines  at  position  110  are  indistinguishable, 

by  a  number  of  criteria,  either  from  native  nucleosomes  or  from  reconstitutes 
containing  H3  monomers.   The  criteria  include  the  pattern  of  susceptibility  of 
the  complex  to  nucleases,  the  amount  of  DNA  supercoiling  induced  by  histone 
binding,  and  the  hydrodynamic  and  electrophoretic  properties  of  reconstituted 
nucleosome  "cores".   The  results  suggest  that  the  residues  in  the  neighborhood 
of  position  110  on  each  H3  molecule  are  in  close  contact  in  the  nucleosome. 
If,  as  has  been  proposed,  the  nucleosome  has  a  dyad  axis,  then  the  disulfide 
bridge  between  H3  molecules  must  lie  on  this  axis. 

What  biological  role  would  such  disulfide  linkages  play?   Considerable 
evidence  has  accumulated  over  the  last  few  years  that  the  DNA  in  the  nucleus 
that  is  undergoing  transcription  and  replication  is  covered  by  histones.   It 
has  been  suggested  that,  among  the  several  ways  in  which  polymerases  might  deal 
with  nucleosomes  in  their  path,  there  might  be  advantages  to  a  mechanism 
involving  nucleosome  unfolding  along  a  dyad  axis.   We  have  calculated  that 
such  an  unfolding  is  energetically  feasible  and  might  involve  a  delicate 
balance  between  the  opposing  forces  of  DNA  bending  and  the  interaction  of  one 
or  two  histone  pairs.   It  is  tempting  to  speculate  that  H3  intermolecular 
disulfides  might  play  a  role  in  further  stabilizing  nucleosomes  that  need  not 
be  unfolded  (perhaps  in  transcriptionally  inactive  regions) . 
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3.   Closed  circular  DNA  molecules  in  aqueous  solution  take' the  form  of 
interwound  superhilices  over  a  wide  range  of  superhelix  densities.   We  have 
described  a  simple  model  of  such  a  superhelix  in  which  twisting  and  bending 
forces  are  in  balance,  subject  both  to  topological  constraints  and  to  a 
limitation  of  the  distance  of  closest  approach  of  the  interwound  duplexes  of  ^g^ 
the  superhelix.   The  model  is  consistent  with  some  of  the  observed  physical  ^^ 
properties  of  closed  circular  DNA,  and  suggests  that  there  may  be  severe  limits 
to  the  range  of  allowable  geometries  for  the  superhelix  structure  of  minimum 
energy. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

This  project,  which  was  started  four  years  ago  (see  ZOl  AM  34001-12  LMB) 
has  led  to  an  increased  understanding  of  both  the  structure  and  conformational 
lability  of  the  most  fundamental  subunit  of  chromosomes,  the  nucleosome.  This 
knowledge  is  vital  to  our  ability  to  understand  in  molecular  terms  chromosomal 
anomalies  and  accompanying  genetic  defects.  Nucleosomes  are  also  central  to 
questions  of  selective  gene  expression  and  genetic  programming  and  it  is  these 
two  processes  which  are  responsible  for  normal  human  development. 

Proposed  Course: 

1.  To  ascertain  whether  the  10  S  arginine-rich  histone  particle  plays  a 
role  in  vivo.      First  we  will  attempt  to  study  the  question  whether  in  vitro 
this  structure  can  be  a  kinetic  precursor  of  the  nucleosome.  /_. 

«^ 

2.  To  examine  whether  H3  dimers  occur  ^n  V^VO.      Also,  is  there  an  enzymt 

activity  that  is  histone  specific  and  that  controls  the  oxidation  state  of  the 
H3  sulfhydryls?   Experiments  are  also  underway  to  test  whether  H3  dimers  affect 
transcriptional  activity. 

Publications : 

1.  Camerini-Otero,  R.D.  and  Felsenfeld,  G.:   Histone  H3  disulfide 
dimers  and  nucleosome  structure.  Proa.    Natl.   Aead.    Sci.    USAj    74^:  5519-5523, 
1977. 

2.  Camerini-Otero,  R.D.,  Sollner-Webb,  B. ,  Simon,  R,H.,  Williamson,  P., 
Zasloff,  M. ,  and  Felsenfeld,  G. :   Nucleosome  structure,  DNA  folding  and  gene 
activity.  Cold  Spring  Harbor  Symposium  on  Quantitative  Biology,   _42:  in  press, 
1977. 

3.  Felsenfeld,  G.,  Camerini-Otero,  R.D.,  Simon,  R.H.,  Sollner-Webb,  B., 
Williamson,  P.,  and  Zasloff,  M.  :  Winter  Symposium  in  Developmental  Biology, 
in  press,  1977. 

4.  Camerini-Otero,  R.D.  and  Day,  L.A.:   The  wavelength  dependence  of    jjt^ 
the  turbidity  of  solutions  in  macromolecules.  Biopolymers,    in  press,  1978.   o 


716 


^ 


SMITHSOHIAN  SCIE'JCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Oo  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EOUCATIOM,  AND  WELFARE 
PUBLIC  HEALTH  3ERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  AM  41033-01  ARB 


PERIOD  COVERED 

October  1,  1978  to  September  30,  1978 


TITLE  OF  PROJECT  (30  characters  or  less) 

The  Identification,  Characterization  and  Isolation  of  the  Male-Specific 
Histocompatibility  Antigen:  H-Y ^^ 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI:      Rafael  Daniel  Camerini-Otero 
OTHER:    Barry  Auerbach 


Senior  Surgeon 
Biology  Aid 


ARB  NIA>mD 
.ARB  NIAMDD 


COOPERATING  UNITS  (if  any) 

Ultrastructural  Pathology  Section,  LP,  NCI 


LAB/BRA.'JCH 

Arthritis  &  Rheumatism  Branch 


SECTION 

Human  Biochemical  Genetics 


INSTITUTE  AND  LOCATION 

NIAMDD,  National  Institutes  of  Health,  Bethesda,  Maryland   20014 


TOTAL  MANYEARS: 


1  2/4 


PROFESSIONAL: 


1  2/4 


OTHER: 
0 


CHECK  APPROPRIATE  BOX(ES) 
Q  (a)   HUMAN  SUBJECTS 

□  (al)  MINORS   □  (a2)  INTERVIEWS 


n  (b)  HUMAN  TISSUES 


^  (c)  NEITHER 


XX 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

It  has  been  proposed  that  a  male-specific  histocompatibility  antigen,  the  H-Y  ' 
antigen,  is  responsible  for  gonadal  sex  determination  in  mammals,  and  perhaps  all 
vertebrates.   The  proposal  is  based  on  a  large  body  of  immunologic  and  genetic 
data  suggesting  that  the  H-Y  antigen  is  a  testis-determining  factor.   The  identi 
fication,  characterization  and  isolation  of  the  antigen  are  being  pursued.   A 
better  assay  for  the  antigen  is  being  sought. 
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Project  Description: 

Objectives : 

To  understand  the  biochemical  mechanisms  by  which  cell-surface  antigens 
are  involved  in  mammalian  differentiation  and  organogenesis. 

Methods  Employed: 

Standard  cell  biology  and  biochemical  techniques.   Two-dimensional  gel 
electrophoresis.   Several  serologic  assays  for  anti-HY  antibodies. 


# 


Major  Findings: 

1.  Peroxidase-conjugated  heterologous  second  antibody  can  be  used  as 

an  assay  for  cell  surface  antigens.   The  assay  measures  the  peroxidase  activity 
bound  to  cells  first  incubated  with  antibody  directed  against  the  antigen. 

2.  Two-dimensional  gel  electrophoretic  analysis  of  unlabeled  NP-40 
extractable  cell  proteins  from  male  and  female  syngeneic  mouse  spleen  cells 
reveal  differences  limited  to  a  few  spots. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

This  new  project  will  hopefully  lead  to  a  better  understanding  of:  (a) 
the  molecular  mechanisms  of  cell  differentiation  and  organogenesis;  (b)  the 
role  of  cell-surface  antigens,  and  (c)  better  methods  to  delineate  and  detect 
certain  disorders  of  sexual  differentiation  in  patients  (such  as  the  syndromeii|f> 
of  gonadal  dysgenesis,  XX  males,  pseudo-hermaphroditism,  etc.). 

Proposed  Course: 

1.  To  pursue  the  development  of  more  sensitive  assays  for  cell-surface 
antigens,  such  as  more  sensitive  versions  of  the  peroxidase  assay.   Also  radio- 
labeled protein  A  will  be  prepared  to  detect  antibody-antigen  complexes  on  HY 
bearing  cells.   An  indirect  assay  for  the  detection  of  soluble  antigen  will 
then  be  pursued.   Attempts  are  also  being  made  to  refine  an  immunof luorescent 
microscopic  assay. 

2.  To  identify,  with  the  use  of  appropriately  bred  mutant  mice,  the 
differences  noted  in  two-dimensional  gels.   Also  the  sensitivity  of  the 
techniques  can  be  substantially  improved  by  looking  for  differences  in  extracts 
that  have  been  radiolabeled  with  ^Sg-mg^hionine;  the  gels  are  then  examined  by 
f luorography. 

3.  To  prepare  antiserum  in  a  different  species.   This  can  be  done  particu- 
larly with  proteins  isolated  from  the  two-dimensional  gels.   The  antiserum 
prepared  in  this  manner  should  have  substantially  higher  titers  than  that 
previously  prepared  by  us  (by  injecting  male  spleen  cells  into  syngeneic     ^fc, 
female  mice) . 

4.  To  purify  this  antigen  either  by  pursuing  the  "activity"  via  an  indirect 
assay  (as  mentioned  in  2.)  or  by  immunoprecipitation  with  high  titer  antisera 
prepared  in  another  species  (as  in  3) . 
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SUMMARY  OF  WORK  (200  ^ords  or  less  -  underline  keywords) 

The  mechanism  by  which  specific  genetic  sequences  are  selectively  transcribed 
in  a  differentiated  cell  is  studied  in  vitro    in  transcriptional  systems  using 
both  chromatin  and  nuclear  preparations.   Analysis  of  in  vitro    transcription 
of  duck  reticulocyte  chromatin  revealed  that  jE.  coli  RNA  polymerase  transcribed 
endogenous  glob in  RNA  contaminating  the  preparation,  resulting  in  gross  over- 
estimates of  de  novo   globin  RNA  synthesis. 

A  novel  procedure  for  the  isolation  of  closed  circular  DNA  has  been  described 
based  on  the  partitioning  behavior  of  this  class  of  DNA  species  between  phenol 
and  water  at  acid  pH  and  low  ionic  strength. 

The  structure  and  function  of  the  nuclear  envelope  in  the  chick  erythrocyte 
is  under  study.   A  method  employing  antibody-directed  complement-mediated  lysis 
of  the  plasma  membrane  permits  Isolation  of  nuclei  surrounded  by  an  undamaged 
envelope  structure.   A  protein  isolated  from  the  nuclear  envelope  has  been 
identified  which  demonstrates  specific  affinity  for  histone  V,  possibly 
representing  a  receptor  mediating  uptake  of  histone  V  into  the  nucleus. 
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Project  Description: 

Objectives : 

1.  To  understand  the  mechanism  by  which  specific  genes,  representing  a 
small  fraction  of  the  haploid  genome,  are  selectively  transcribed. 

2.  To  define  the  mechanism  by  which  proteins  intimately  associated  with^ 
gene  transcription  such  as  RNA  polymerase,  the  steroid  receptor,  and  histones, 
shuttle  from  their  cytoplasmic  sites  of  synthesis  to  their  nuclear  loci. 

Methods  Employed: 

1.  Studies  on  the  transcription  of  globin  genes  in  vztro,    from  duck 
reticulocyte  chromatin  have  employed  the  novel  technique  of  the  isolation  of 
de  novo   transcripts  by  using  Hg-UTP  as  a  ribonucleoside  triphosphate  substrate. 
De  novo   RNA  is  readily  isolated  by  affinity  chromatography  on  thiol-agarose. 
Specific  RNA  sequences  are  detected  by  molecular  hybridization  using  cDNA 
probes  synthesized  with  AMV  reverse  transcriptase. 

2.  Studies  of  the  native  transcriptional  unit  in  chick  reticulocyte 
nuclei  have  relied  on  methods  designed  for  the  isolation  of  transcriptionally 
active  nuclei.   Assay  of  the  transcripts  is  accomplished  by  methyl-mercury 
agarose  gel  electrophoresis  and  subsequent  hybridization  against  plasmid  DNA 
containing  cloned  globin  cDNA  sequences. 

3.  A  novel  procedure  for  the  isolation  of  closed  circular  DNA,  a  molecu] 
species  commonly  used  in  recombinant  DNA  studies,  has  been  described. 

4.  For  the  study  of  nuclear  protein  transport  a  nuclear  preparation  in 
which  the  nuclear  envelope  is  undamaged  is  essential.   A  novel  technique  . 
employing  complement-mediated  lysis  of  the  plasma  membrane  of  the  avian 
reticulocyte  has  been  developed. 

Major  Findings: 

1.  Our  studies  highlighted  a  previously  unsuspected  artefact  of  in  vitro 
chromatin  transcription,  the  transcription  of  endogenous  RNA  by  E.    coti   RNA 
polymerase.   Using  Hg-UTP  as  enz3rmic  substrate,  it  was  discovered  that  RNA 
polymerase  copies  endogenous  RNA  and  forms  a  hybrid  duplex  in  which  one 
strand  contains  Hg-UTP.   Globin  anti-sense   sequences,  rather  than  the  expected 
messenger- sense   species,  were  the  only  globin-related  sequences  found  to  contain 
HgU. 

2.  A  novel  method  was  discovered  for  the  isolation  of  covalently  closed 
circular  DNA.   The  procedure  depends  on  the  selective  partitioning  of  linear 
and  nicked  circular  DNA  species  into  phenol  at  pH  4.0  and  low  ionic  strength. 

3.  Using  anti-chicken  erythrocyte  antibodies,  selective  complement-    \^_ 
mediated  lysis  of  chick  erythrocyte  plasma  membranes  has  been  accomplished    ^^ 
yielding  a  preparation  of  nuclei  in  which  the  structure  of  the  delicate  nuclear 
envelope  has  been  preserved.   The  approach  has  led  to  the  demonstration  of  a 
nucleus-sized  intracellular,  membrane-bounded  compartment,  possibly  the  vesi- 
cular structure  bounded  by  the  inner  and  outer  leaves  of  the  nuclear  envelope. 
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This  compartment  can  be  readily  shown  to  be  impermeable  to  macromolecules  the 
size  of  hemoglobin,  and  presumably  represent  a  structure  surrounding  most  of 
the  surface  area  of  the  nucleus. 

4.   A  protein  with  a  subunit  molecular  weight  of  35,000  has  been  isolated 
from  detergent-solubilized  chick  reticulocyte  nuclear  membranes.   The  protein 
has  been  purified  about  100-fold  by  affinity  to  sepharose  4-B  bound  chick 
reticulocyte  histone  H5.   The  possibility  that  this  protein  represents  a 
receptor-component  within  the  nuclear  envelope  involved  in  uptake  of  H5  into 
the  avian  reticulocyte  nucleus  is  under  study. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

1.  Our  studies  in  vitro   have  led  to  the  questioning  of  the  validity  of  much 
of  the  work  reported  by  many  laboratories  over  the  past  10  years,  on  which  our 
ideas  about  eukaryotic  gene  regulation  have  been  formulated. 

2.  The  procedure  for  the  isolation  of  closed  circular  DNA  represents  a 
new  approach  to  the  recovery  of  these  important  structures  currently  being  used 
as  cloning  vehicles  in  recombinant  DNA  research. 

3.  Studies  of  nuclear  protein  transport  promise  to  expand  our  understanding 
of  a  regulatory  process  about  which  essentially  no  data  has  been  accumulated 

to  date.   Such  processes  as  steroid-mediated  cellular  events  and  DNA  virus 
maturation  all  involve  the  transport  of  large  proteins  from  the  cytoplasm  of 
a  cell  to  its  nucleus.   The  elaboration  of  the  mechanisms  involved  in  the 
nuclear  transport  of  proteins  should  have  broad  implications  to  our  understanding 
of  both  disease  states  as  well  as  cellular  functioning. 

« 
Proposed  Course: 

1.  To  study  the  functional  globin  transcriptional  unit  in  the  avian 
reticulocyte,  a  nuclear  preparation  active  in  transcription  has  been  developed. 
Studies  of  the  size  of  the  proximal  transcript  synthesized  in  vitvo   by  endo- 
genous activities  are  underway,  and  involve  analyses  of  de  novo    transcripts 
using  cloned  a  and  S  chain  globin  DNA  sequences. 

2.  The  mechanism  of  nuclear  protein  transport  will  be  studied  by  analysis 
of  the  maturation  of  adenovirus.   The  proteins  synthesized  within  extranuclear 
sites  accumulate  within  the  nucleus  and  eventually  assemble  into  complete  viral 
structures.   The  system  is  attractive  not  only  because  of  the  extensive  data 
gathered  on  the  biology  of  the  virus,  but  also  because  of  the  existence  of 
temperature-sensitive  mutants  defective  in  the  transport  the  hexon  polypeptide. 
Some  specific  problems  to  be  investigated  include:  the  subcellular  sites  of 
viral  protein  synthesis;  the  biosynthetic  history  of  a  viral  protein  from  its 
appearance  as  a  nascent  polypeptide  to  its  uptake  within  the  nucleus;  the 
partitioning  behavior  of  mature  viral  proteins  on  injection  into  the  cytoplasm 
of  a  recipient  cell. 
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Publications : 

1.  Zasloff,  M.  and  Felsenfeld,  G.:  Analysis  of  ^n  vitro  transcription 
of  duck  reticulocyte  chromatin  using  mercury  substituted  ribonucleoside  tri- 
phosphates. B-ioahemistvy   16:  5135,  1977. 


2.  Camerini-Otero,  R.D.,  Sollner-Webb,  B.,  Simon,  R.  U.,  Williamson,  P 
Zasloff,  M. ,  and  Felsenfeld,  G.:   Nucleosome  structure,  DNA  folding,  and  gene 
activity.  Cold  Spring  Harbor  Symposia  on  Quantitative  Biology,    1977  (in  press) 

3.  Felsenfeld,  G.,  Camerini-Otero,  R.D.,  Simon,  R.,  Sollner-Webb,  B., 
Williamson,  P.,  and  Zasloff,  M. :  Winter  Symposium  in  Developmental  Biology, 
1977  (in  press) . 

4.  Zasloff,  M. ,  Ginder,  G.,  and  Felsenfeld,  G.:   A  new  method  for  the 
purification  and  identification  of  covalently  closde  circular  DNA  molecules. 
Nuoleia  Acids  Research   5:  1139-1152,  1978. 
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This  project  will  evaluate  the  effect  of  removal  of  large  numbers  of  peripheral 
blood  mononuclear  calls  in  patients  .vith  savage  r-heumatoid  arthritis.  Vascular 
accass  will  be  obtained  by  forearm  arteriovenous  ■'"istula  and  lymphooha^asis 
performed  three  times  weekly  for  10  weeks  using  a  continuous  •^low  call  separa- 
tor. The  removed  cells  will  be  studied  for  membrane  characteristics  and  in 
vitro  assays  of  immune  ■'unction.  The  clinical  activity  of  the  arthritis  will  be 
quantitatad  by  a  global  activity  index  during  and  following  completion  of  tha 
project. 
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Project  Description: 

Objectives: 

Although  the  etiology  of  RA  is  not  known,  involvement  of  both  the  cellular 
and  humoral  immune  systems  are  thought  to  play  a  basic  role  in  the  ^ 
pathogenesis  of  this  chronic  systemic  disorder.  This  is  best  evidenced  by  f 
the  favorable  effect  on  RA  of  cytotoxic,  or  immunosuppressive,  drugs  and  ' 
lymphocyte  depletion  by  prolonged  drainage  of  the  thoracic  duct.   This 
project  will  evaluate  the  effect  on  RA  of  the  removal  of  peripheral  blood 
mononuclear  cells  using  a  continuous  flow  cell  separator. 

Methods  Employed: 

Patients  with  severe  active  RA  unresponsive  to  conventional  therapies 
will  participate  by  informed  consent.  A  temporary  forearm  side  to  side 
arteriovenous  fistula  will  be  constructed  for  purposes  of  obtaining 
repeated  vascular  access.  Three  times  weekly  lymphocyte  removal  using  an 
Aminco  continuous  flow  cell  separator  will  be  performed  for  a  period  not 
to  exceed  10  weeks.  The  activity  of  the  RA  will  be  quantitated  weekly 
using  a  standard  global  activity  index.  The  frequency  of  lymphopheresis 
will  be  altered  according  to  degrees  of  responsiveness.  The  removed  cells 
will  be  quantitated  and  studied  for  lymphocyte  subpopulations,  surface 
membrane  characteristics  and  in  vitro  immune  function. 

Major  Findings:  ^ 

-'   None  at  this  time. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

The  removal  of  lymphocytes  from  the  circulation  should  lead  to  an  early 
diversion  of  cells  from  the  inf lammed  synovium  and  an  eventual  depletion  of 
select  cell  populations.  The  rate  of  reduction  of  synovial  inflammation  during 
lymphopheresis  and  its  anticipated  recurrence  after  discontinuing  the  proce- 
dure at  10  weeks  will  be  observed  to  assess  the  potential  therapeutic  useful  1- 
ness  of  this  type  of  intervention. 

The  importance  of  circulating  mononuclear  cells,  lymphocytes  and  monocytes,  in 
chronic  RA  inflammation  will  be  studied. 

Proposed  Course: 

During  the  coming  year,  the  pilot  phase  of  the  project  evaluating  lympho- 
pheresis in  four  RA  patients  will  be  completed. 

Publications: 

None  at  this  time. 


724 


|SMITH3C:;iAiJ    ;CI£:;C£    1':FCRMATI  C:i    £XCrl,Af!G£l  J.Z.    DSPAHTVS.NT   :F  j   PROJECT   NUMBSH 

.PRCJECT   :jIj;.:E£S    .Do   not    jse    tnis    space;       HEALTH,    £DJCATIC;j,    A.\0    ^ELFARE 

I         rOatic  ^e;lth  :ehvice 

NOTICE   OF  ] 

I  I    INTRAMURAL   RESEARCH    PROJECT  IQ]     fi^    41036-01     AR3 


PERIOD    COVEREO 

October  1.  1977  to  Septamber  30,  1978 


TITLE  OF  PROJECT  (.30  cnaracters  or  less) 


Epidetniology  of  Canine  and  Human  Systemic  Lupus  Erythematosus  (SLE) 


flAMEJ,    LABCRATCRY    AfiO    INSTITUTE    AFrlLIATIOHS,    AND    TITLE3   OF    PRIfJCIPAL    I MVESTI OATORS   A.'IO    ALL    OTHER 
PRCFE33I0,'1AL    PERSONNEL    EMGAGtD    OH    THE   PROJECT 


PI: 


OTHER: 


J.L. 
R.A. 


Reinertsen 
Kaslow 


J.H.  Klippel 
J.L.  Decker 
A.D.  Steinberg 
P.  Yeadon 


Clinical  Associate 
Medical  Epidemiologist 

Senior  Investigator 
Chief,  Arthritis  Rheum.  3r. 
Senior  Investigator 
Registered  I^urse 


ARB  .NIAMDO 

CDC,  Atlanta,  GA 

ARS  NIAMDO 
ARB  NI.AMDD 
AR8  NIAMDO 


CQOPERATI.'.G  JNITj  (if  any) 

Arthritis  and  Immunologic  Diseases  Activity,  Center  for  Disease  Control, 
Atlanta,  Georgia 


LA5/3Ra;,ch 

Arthritis  and  Rheumatism  Branch 


SECTION 

Connective  Tissue  Disease 


INOTITUTE  ANO  .OCATiCN 

NIAMDD,  NIH,  Bethesda,  Maryland  20014 


TOTAL  '.lANYEARS: 


1 


PRCFESS'iONAL: 
3/^ 


OTHER: 


1/4 


CHECX  APPROPRIATE  30X(E3) 
C  (a)   HUMAN  SUBJECTS 

C  (al)  MINORS   r;  (a2)  INTERVIE.. 


r,   (b)  HUMAN  TISSUES 


~   (c)    NEITHER 


SUMMARY    CF    <CR!<    ^200    ^orts    ar    less    -   jnaerli-.e    <eywor3s)  I 

This  project  will  compare  the  incidence  of  clinical  and  serologic  autoimmunej 
abnormalities  in  members  of  households  exposed  to  known  cases  of  canine  SLE  or' 
appropriately  matched  control  dogs.  I 
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Project  Description: 

Objectives: 

This  project  will  evaluate  the  relationship  between  canine  and  human  SLE, 
by  means  of  systematic  epidemiologic  survey,  comparing  households  exposed  J^ 
to  known  cases  of  canine  SLE  with  appropriately  matched  control  house-  \ 
holds. 

Methods  Employed: 

1.  Approximately  20  dogs  with  recently  diagnosed  SLE  will  be  identified 
with  the  cooperation  and  assistance  of  regional  veterinary  centers 
specializing  in  the  laboratory  evaluation  and  study  of  canine  SLE. 
Appropriate  control  dogs  will  be  selected  and  matched  to  the  SLE  dog 
for  defined  household  characteristics. 

2.  The  head  of  each  household  in  which  the  dogs  reside  will  be  contacted 
and  permission  for  study  obtained. 

3.  Each  "SLE  dog"  and  "control  dog"  household  will  be  visited  and  a 
systematic  epidemiologic  survey  completed.  This  will  include  a 
chronologic  record  of  persons  present  in  the  household  during  the 
tenure  of  the  dog,  an  estimate  of  the  intensity  of  dog-human  contact 
for  all  household  members  exposed  to  the  dog,  and  a  thorough  review 
of  medical  histories  of  household  members. 

4.  Blood  specimens  will  be  obtained  from  all  household  members  and 
evaluated  for  antinucleic  acid  antibodies,  antinuclear  antibodies, 
rheumatoid  factors,  immunoglobulins  and  lymphocytotoxic  antibodies. 

5.  The  incidence  of  clinical  and  laboratory  abnormalities  in  SLE  and 
control  dog  households  will  be  analyzed  according  to  chronologic  and 
contact  relationships  with  the  dogs. 

Major  Findings: 

None  at  this  time. 

Significance  to  Bio-Medical  Research  and  Programs  of  the  Institute: 

There  is  evidence  to  suggest  that  both  environmental  and  genetic  factors  are 
important  in  human  SLE  pathogenesis.  This  project  will  attempt  to  evaluate  the 
important  environmental  consideration  of  the  potential  relationship  between 
dog  and  human  SLE.  ^ 

Proposed  Course: 

The  SLE  and  control  dog  households  participating  in  the  project  have  been 
selected  and  informed  consents  obtained.   During  the  coming  year  we 
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propose  to  complete  the  epidemiologic  surveys  and  statistical  analyses  of 
the  data. 

Publications: 

None  at  this  time. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  multiple  occurrences  of  SLE  over  several  generations  in  families  suggest  th4 
importance  of  genetic  factors  in  SLE  pathogenesis.  In  this  project,  alloantiqens 


on  3-lymphocytes,  coded  for  by  genes  on  the  sixth  chromosome  known  as  the  majoit 
histocompatibility  complex,  will  be  examined  in  patients  with  SLE.  Selecj 
families  with  multiple  occurrences  of  SLE  will  also  be  studied. 

These  alloantigens  have  physico-chemical  and  amino  acid  sequence  homologies  wi^ 
murine  B-cell  antigens  responsible  for  the  regulation  of  specific  immunt 
responses.  The  frequency  of  individual  alloantigens  in  SLE,  as  compared  to  normal 
controls,  will  be  used  in  an  attempt  to  identify  immune  genetic  markers  associatefl 
with  SLE. 
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Project  Description: 

Objectives: 

Specific  cell  surface  antigens  coded  for  by  genes  in  the  HLA-D  region  of 
the  major  histocompatibility  complex  have  the  potential  to  be  associated 
with  an  increased  susceptibility  to  autoimmune  diseases.  These  human 
alloantigens  can  be  detected  on  B-lymphocytes  and  monocytes  and  have 
physico-chemical  and  amino  acid  sequence  homologies  with  murine  B-cell 
antigens  which  regulate  immune  responses.  These  antigens  can  be  iden- 
tified by  reactivity  with  B-lymphocyte  alloantisera  and,  in  certain 
instances,  assignments  of  HLA-Dw  specificities  made  on  the  basis  of 
serologic  reactivities. 

In  this  project,  we  will  test  the  hypothesis  that  specific  HLA-D  region 
genes  are  associated  with  SLE  by  determining  B-lymphocyte  alloantigens  in 
lupus  patients. 

Methods  Employed: 

1.  Lymphocytes  from  SLE  patients  will  be  obtained  by  Ficoll-Hypaque 
sedimentation  and  B-lymphocytes  isolated  by  adherence  to  anti-human 
F(ab)2  coated  plastic  plates. 

2.  B-lymphocytes  will  be  typed  by  a  complement-dependent  microcyto- 
toxicity  assay  using  a  serum  panel  from  the  Seventh  International 
Histocompatibility  Workshop  (Oxford)  and  a  second  panel  of  47  sera 
obtained  from  multiparous  women. 

3.  HLA-DRw  types  will  be  assigned  on  the  basis  of  reactivities  of  the 
Oxford  Workshop  panel. 

4.  The  reaction  frequencies  of  individual  sera  and  HLA-DRw  types  will  be 
compared  between  SLE  patients  and  normal  controls. 

Major  Findings: 

1.  B-lymphocyte  alloantigens  defined  by  the  non-Workshop  panel  of  47 
pregnancy  sera  have  been  compared  in  41  patients  with  SLE  and  184 
normal  controls.  One  serum,  Ia-715,  reacted  with  B-lymphocytes  from 
75%  of  SLE  patients  and  14%  of  controls  (p  0.005,  relative  risk 
18.8).  ^ 

2.  HLA-DRw  assignments  using  the  Workshop  panel  have  been  compared  in  28 
SLE  patients  and  490  controls.  Both  HLA-0Rw2  (57%  vs  25%, 
p  0.004)  and  HLA-DRw3  (46%  vs  22%,  p  0.03)  were  increased  in 
systemic  lupus  erythematosus. 

In  summary,  this  study  demonstrates  that  select  B-lymphocyte  allo- 
antigens, which  are  controlled  by  genes  in  the  major  histocompatibility 
complex,  are  present  in  increased  frequency  in  SLE. 
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Significance  to  bio-Medical  Research  and  Programs  of  the  Institute: 

Immune  response  genes  have  been  extensively  studied  in  a  variety  of  species. 
These  genes  are  located  within  a  gene  grouping  called  the  major  histocompa- 
tibility complex  and  code  for  cell  surface  antigens  found  predominantly  on  B-  ^ 
lymphocytes  and  macrophages.   These  antigens  play  a  major  role  in  the  wT 
regulation  of  specific  immune  responses.  ^ 

Human  immune  response  genes  have  yet  to  be  fully  characterized.  However,  human 
immune  responses  appear  to  be  influenced  by  genes  linked  to  the  major  histo- 
compatibility. Furthermore,  human  B-lymphocyte  alloantigens  have  been 
identified  which  are  structurally  similar  to  murine  B-cell  antigens. 

Immune  response  genes  may  influence  an  individual's  susceptibility  to  auto- 
immune diseases.  This  hypothesis  will  be  evaluated  by  determining  B-cell 
alloantigens,  which  are  coded  for  by  genes  present  in  the  region  of  presumed 
immune  response  genes,  in  patients  with  SLE. 


Publications; 


Reinertsen,  J.L.,  Klippel,  J.H.,  Johnson,  A.H.,  Steinberg,  A.D., 
Decker,  J.L.  and  Mann,  D.L.:  Genetic  factors  in  systemi.  lupus 
erythematosus:  3  lymphocyte  alloantigens.  Arthritis  Rheum.  21: 
586,  1978  (Abstract). 
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SUMMARY  OF  WORK  (200  -ords  or  less  -  underline  keywords) 

Detailed  analysis  of  renal  biopsy  pathology  has  been  undertaken  in  patients 
with  systemic  lupus  erythematosus  who  are   receiving  various  therapeutic  regimens 
of  immunosuppressive  agents.  Biopsies  will  be  scored  for  various  indices  of 
pathological  activity  as  well  as  for  patterns  of  deposition  of  immune  complexes 
by  immunofluorescence  and  electron  microscopy;  these  morphologic  parameters  are 
to  be  related  to  renal  function  data  in  order  to  ascertain  whether  more  accurate 
prognostic  indices  can  be  developed  and  whether  more  sensitive  measures  of 
therapeutic  response  can  be  identified. 
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Project  Description: 

Objectives : 

The  classification  of  renal  biopsy  pathology  in  systemic  lupus  erythema- 
tosus (SLE)  into  general  categories  based  mainly  on  the  extent  of  cellular    ' 
proliferation  of  glomerular  cells  as  assessed  by  light  microscopy  has  been  a 
relatively  poor  predictor  of  prognosis  in  treated  or  untreated  patients. 
Furthermore,  it  is  currently  recognized  that  certain  cases  of  SLE  nephritis 
may  undergo  transformation  from  one  histologic  class  to  another.  The  present 
study  will  examine  the  morphologic  characterists  of  SLE  nephritis  over  time 
in  patients  being  studied  in  ongoing  therapeutic  protocols.  Biopsies  will  be 
scored  for  specific  pathologic  parameters  which  will  be  used  as  semi-quanti- 
tative indices  of  disease  activity  or  chronicity.  Repeat  renal  biopsy  will 
be  performed  for  evaluation  of  the  same  parameters  at  a  specific  time  period, 
i.e.  two  years,  regardless  of  the  apparent  clinical  response  of  the  patient 
to  ascertain  whether  more  accurate  prognostic  indicators  can  be  identified 
and  whether  more  sensitive  measures  of  therapeutic  response  can  be  identified. 

Methods  Employed: 

Percutaneous  renal  biopsy  is  performed  under  direct  fluoroscopic  vis- 
ualization. Tissue  samples  are  processed  for  routine  light,  immunofluorescence 
and  electron  microscopy.  Sections  are  blinded  and  scored  by  both  a  nephro- 
pathologist  and  a  clinical  nephrologist  on  a  checklist  of  specific  morpho- 
logical parameters. 

Major  Findings: 

Clinical  and  routine  laboratory  studies  may  not  identify  patients  with 
morphologically  active  disease  as  determined  by  renal  biopsy.  Moreover,  in 
those  patients  with  clinically  active  renal  disease,  no  specific  parameter 
has  been  found  to  be  predictive  of  the  distribution  nor  the  severity  of  path- 
ologic lesions.  We  have  found  that  patients  with  renal  biopsies  having  a 
classification  of  diffuse  proliferative  glomerulonephritis  have  a  broad 
spectrum  of  severity  as  judged  by  the  type  and  number  of  active  lesions  either 
within  glomeruli  or  in  the  interstitium.  In  addition  the  significance  of 
sclerosing  lesions,  which  may  be  concomitantly  present  with  proliferation, 
appears  to  be  an  important  prognostic  factor  which  has  not  received  adequate 
consideration  in  most  series.  The  present  studies  will  continue  to  evaluate 
the  relative  importance  of  the  following  renal  biopsy  features: 

1)  glomerular  activity  index 

2)  tubulointerstitial  activity  index 

3)  sclerosing  lesions 

4)  location  and  extent  of  immune  complex  deposits  by  immuno- 
fluorescence and  electron  microscopy 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
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An  improved  system  for  evaluation  and  classification  of  renal  biopsy 
pathology  would  provide  the  following  advantages: 

1)  A  clearer  description  of  the  types  of  pathology  in  SLE  nephritis. 

2)  The  ability  to  select  more  homogeneous  patients  for  study  of 
immunologic,  renal  functional  and  therapeutic  responses. 

3)  Improved  ability  to  identify  accurate  prognostic  indicators  of 
subsequent  renal  function. 

4)  Improved  bases  of  indications  for  initiating  and  terminating 
therapy  for  SLE  nephritis. 

Proposed  Course: 

An  ongoing  study  of  patients  who  will  be  asked  permission  for  repeat 
renal  biopsy  every  two  years  is  planned.  Patients  will  be  studied  as  they 
enter  new  therapeutic  protocols  as  well  as  those  followed  in  previous  treat- 
ment programs . 

Publications : 

None 
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The  effects  of  various  immunosuppressive  agents  on  lymphocyte  functions  is 
being  studied  to  identify  their  sites  and  mechanisms  of  action.  Various  agents, 
such  as  corticosteroids ,  cyclophosphamide,  and  azathioprine,  are  also  being  used 
as  tools  to  study  cell-mediated  immune  regulation  in  normal  lymphocytes,  as  well 
as  those  from  patients  with  autoimmune  disorders,  particularly  SLE.  The  major  . 
goals  of  these  studies  are  to  further  eludicate  the  mechanisms  of  altered  immuno' 
regulation,  as  well  as  to  find  new  parameters  of  immune  function  to  measure  and/ 
or  monitor  responses  of  patients  receiving  pharmacologic  immunosuppression. 
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Project  Description: 

Objectives : 

Abnormalities  of  immunoregulation  are  suspected  to  be  the  cause  of 
several  autoimmune  disorders.  Although  some  features  of  the  complex  cellular 
interactions  involved  in  regulatory  processes  have  been  identified  in  normal 
subjects,  studies  of  subjects  with  specific  disorders  and  those  receiving 
chemical  immunosuppression  have  yielded  important  breakthroughs  in  our  under- 
standing of  cell  mediated  immune  regulation.  The  present  studies  will  exam- 
ine changes  in  immunologic  function  induced  by  irmunosuppressive  agents  as 
well  as  by  new  experimental  techniques. 

Methods  Employed: 

1)  Studies  of  the  site  and  mechanisms  of  action  of  corticosteroids  on 
normal  T-lymphocyte  function  will  be  carried  out  using  cells  from  normal  and 
patient  donors.  Cell  mediated  cytotoxicity  and  lymphocyte  proliferation 
assays  will  be  predominantly  used  for  these  studies. 

2)  Similar  methods  will  be  used  to  evaluate  the  differential  effect  of 
other  agents,  such  as  cyclophosphamide,  on  various  subpopulations  of  lympho- 
cytes involved  in  these  functions.  These  studies  will  be  performed  by  direct 
in  vitro  manipulation  of  lymphoid  cells  as  well  as  by  studies  of  changes 
induced  by  in  vivo  administration  of  these  agents  to  patients  with  autoimmune 
disorders . 

3)  Studies  of  the  role  of  circulating  immune  complexes  in  patients  with 
autoimmune  disease  will  be  carried  out.  These  will  include  studies  of  their 
role  in  the  pathogenesis  of  glomerulonephritis,  the  effect  of  their  removal 
by  physical  or  chemical  means,  abnormalities  of  their  clearance  from  the  cir- 
culating in  disease  states  (especially  in  glomerulonephritis),  and  studies  of 
their  possible  effect  on  normal  cell  mediated  immune  responses. 

Major  Findings : 

Corticosteroids  have  a  striking  direct  anti-proliferative  effect  on 
lymphocyte  response  to  al loantigens .  This  results  in  impaired  production  of 
specifically  cytotoxic  lymphocytes  in  vitro.  However,  corticosteroids  have 
little  effect  on  the  cytolytic  capacity  of  previously  sensitized  lymphocytes, 
i.e.  they  fail  to  protect  the  target  cell  against  cell  mediated  lysis. 

The  i_ri_  vivo  administration  of  cyclophosphamide  has  been  shown  to  augment 
T  lymphocyte  function  under  certain  conditions.  Studies  are  underway  to 
examine  whether  this  is  a  direct  effect  on  a  regulator  cell  population  or 
whether  this  phenomenon  is  caused  by  an  indirect  effect  on  the  composition  of 
circulating  lymphoid  cells. 
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Significance  to  Biomedical  f^esearch  and  the  Program  of  the  Institute: 

Characterization  of  the  specific  sites  and  mechanisms  of  action  by 
various  immunosuppressive  agents  would  allow  a  greater  selectivity  in  their 
clinical  use  for  conditions  associated  with  specific  immunological  defects. 
In  addition,  identification  of  their  major  site  of  action  will  hopefully  lead 
to  improvements  in  methods  to  monitor  the  desired  effectiveness  as  well  as 
the  potential  toxicity  of  these  agents.  Development  of  more  selective  means 
for  correction  of  immunological  abnormalities  would  obviously  greatly  enhance 
our  care  of  clinical  disorders. 

Proposed  Course: 

Long  term  studies  of  both  patients  and  normals  will  be  undertaken. 

Publications : 

None. 
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METABOLIC  DISEASES  BRANCH 

The  general  goals  of  the  Branch  are  to  investigate  the  structure,  secretion 
and  biochemical  mechanism  of  action  of  hormones  governing  ion  transport 
and  mineral  metabolism  and  to  apply  the  knowledge  gained  to  understanding 
and  treating  related  clinical  disorders.   Current  investigations  include 
hormone-receptor  interaction,  mechanism  of  receptor  control  of  adenylate 
cyclase,  cyclic  AMP  control  of  ion  transport,  and  regulation  of  parathyroid 
hormone  secretion.   Systems  under  study  include  6-adrenergic  receptors 
in  several  tissues  and  isolated  parathyroid  cells.   Clinical  studies  on 
hyperparathyroidism  have  utilized  extensively  research  findings  from  the 
laboratory.   Radioimmunoassays  for  parathyroid  hormone  have  been  applied 
to  determine  the  hormone  in  samples  obtained  selectively  by  venous  catheteri- 
zation, thereby  allowing  localization  of  parathyroid  adenomas.   Further 
studies  continue  on  utilizing  urinary  cyclic  AMP  clearance  as  a  clinical 
parameter  of  parathyroid  hormone  action.   Another  study  takes  advantage 
of  an  autologous  parathyroid  transplant  program  developed  in  collaboration 
with  the  Surgery  Branch,  NCI.   Autologous  transplants  to  the  arm  allow 
direct  sampling  of  draining  veins  for  parathyroid  hormone  secretion  in 
man  under  conditions  wherein  the  tissue  can  be  selectively  challenged 
with  potential  secretagogues  or  inhibitors  of  parathyroid  secretion. 

g-Adrenergic  Receptor  of  the  Avian  Erythrocytes. 

Interactions  of  catecholamines  with  8-adrenergic  receptors  and  activation 
of  adenylate  cyclase  are  under  study  with  the  plasma  membranes  of  turkey 
erythrocytes  and  other  cell  systems.   Specific  receptors  have  now  been 
identified  on  turkey  erythrocytes,  parathyroid  cells,  pineal  cells,  rat, 
guinea  pig  and  monkey  lung  membrane  preparations  and  rat  liver  membranes. 

S-Adrenergic  receptor  sites  are  identified  using  a  radioiodinated 
S-blocker  iodo-hydroxybenzylpindolol.   A  series  of  S-adrenergic  agonists 
and  inhibitors  compete  for  binding  with  affinities  paralleling  biological 
effectiveness  as  activators  or  inhibitors  of  catecholamine-stimulated 
adenylate  cyclase.   Receptor  occupancy  for  agonists  correlate  linearly 
with  function  (cyclic  AMP  production) .   The  stereospecif icity  of  interaction 
with  the  iodinated  S-blocking  agent  and  the  correspondence  between  affinity 
for  site  and  biological  effectiveness  indicate  that  binding  of  iodohydroxyben- 
zylpindolol  validly  reflects  interaction  with  the  S-adrenergic  receptor. 

Calcitonin  receptors  were  identified  on  cultured  human  lymphocytes. 
The  characteristics  of  these  receptors  are  similar  to  those  on  rat  renal 
and  calvarial  membranes  as  determined  by  competitive  binding  studies. 
Lymphocyte  preparations  should  prove  useful  in  that  they  represent  a  readily 
obtainable  human  tissue  containing  calcitonin  receptors.   Results  with 
this  human  material  indicated  that,  although  calcitonin  polypeptides  have 
undergone  remarkable  evolutionary  changes  in  structure  and  effectiveness, 
there  has  been  no  significant  corresponding  change  in  biological  nature 
of  calcitonin  receptors. 
[Drs.  Marx  and  Aurbach,  NIAMDD] 
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Purine  nucleotides  enhance  catecholamine-stimulated  adenylate  cyclase 
activity  in  the  erythrocyte  membrane.   A  guanine  nucleotide  site  separate 
from  the  catalytic  site  for  ATP  regulates  adenylate  cyclase  activity. 
Although  guanine  nucleotides  (the  most  effective  is  guanylylimidodiphosphate,  ^ 
Gpp(NH)p)  enhance  isoproterenol-activated  adenylate  cyclase  with  apparent     m 
increase  in  sensitivity  to  the  agonist,  there  is  nevertheless  no  change 
in  affinity  of  the  receptor. 

Treatment  of  turkey  erythrocyte  membranes  with  detergent  solutions 
under  appropriate  conditions  allows  solubilization  of  adenylate  cyclase 
in  high  yield.  The  soluble  enzyme  activity  is  stabilized  by  incubation 
of  membranes,  prior  to  solubilization,  with  hormone  (isoproterenol)  and 
a  guanine  nucleotide  such  as  Gpp(NH)p  or  5'-GMP.   Preincubation  with  GMP 
allows  later  identification  and  manipulation  of  the  guanine  nucleotide 
binding  site,  which  is  irreversibly  blocked  by  preincubation  with  Gpp(NH)p. 
In  agreement  with  the  work  of  others  using  enzyme  derived  from  other  tissues, 
we  have  found  that  the  cyclase  activity  can  be  purified  approximately 
5-fold  by  gel  filtration  on  Sepharose  6B,  and  has  an  apparent  molecular 
weight  in  a  nonionic  detergent  solution  of  400,000-500,000  daltons.   Anion 
exchange  chromatography  will  yield  a  2-fold  purification,  and  when  these 
methods  are  combined,  an  8-12  fold  purification  from  the  original  soluble 
preparation  can  be  achieved.   Various  affinity  techniques  have  allowed 
some  further  purification.   The  3-adrenergic  receptor  and  a  guanine  nucleotide 
binding  protein  relevant  to  cyclase  activation  are  also  found  in  the  soluble  ^ 
enzyme  complex.  v 

[Drs.  Spiegel,  Downs,  Attie,  Brown  and  Aurbach,  NIAMDD] 

Clinical  studies  are  continuing  on  primary  hyperparathyroidism  and 
its  familial  variants.   Detailed  family  screening  and  case  finding  has 
produced  20  kindreds  for  analysis.   These  studies  have  allowed  segregation 
of  the  familial  variants  into  two  apparently  distinct  disease  syndromes  - 
familial  multiple  endocrine  adenomatosis  (MEN  I)  and  familial  hypocalciuric 
hypercalcemia  (FHH) .   FHH  was  distinguished  from  MEN  I  by  1)  a  higher 
incidence  of  hypercalcemia  below  the  age  of  20  and  virtually  a  100%  penetrance 
for  hypercalcemia  after  age  20,  2)  milder  clinical  manifestations  -  none 
had  recurrent  nephrolithiasis  or  recurrent  peptic  ulceration,  3)  no  hypercal- 
ciuria,  4)  normal  basal  concentrations  of  glucagon  and  gastrin,  and  5)  poor 
response  to  subtotal  parathyroidectomy.   Distinction  between  the  two  syndromes, 
both  inherited  as  autosomal  dominant  traits,  is  important  because  in  FHH 
the  clinical  course  is  generally  milder  and  subtotal  parathyroidectomy 
is  less  likely  to  be  beneficial.   In  FHH  the  ionized  and  ultrafiltrable 
calcium  concentration  in  serum  is  elevated  in  proportion  to  the  increase 
in  total  calcium.   These  patients  have  a  high  filtrable  load  of  calcium       ^^' 
associated  with  a  marked  decrease  in  renal  calcium  clearance.  ^st 

[Drs.  Marx,  Spiegel,  Downs,  Attie,  Brown  and  Aurbach] 

Studies  on  modes  of  localizing  parathyroid  tumors  continue.   A  high 
degree  of  success  has  been  obtained  in  localizing  tumors  through  vascular 
catheterization  procedures.   Parathyroid  arteriography  developed  and  performed 
by  Dr.  John  Doppman  afforded,  in  approximately  45%  of  cases  in  which  it        ^_, 
was  used,  the  identification  of  abnormal  masses  of  tissue  subsequently        jT^ 
identified  as  parathyroid.   Confirmation  of  the  mass  thus  identified  as 
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parathyroid  tissue  can  be  accomplished  by  verifying  high  concentrations 
of  parathyroid  hormone  by  radioimmunoassay  in  veins  draining  the  lesion. 
Draining  vessels  contain  concentrations  of  hormone  2-  to  20-fold  or  more 
greater  than  the  concentration  of  parathyroid  hormone  detected  by  immunoassay 
in  the  peripheral  plasma.   In  cases  with  single  adenomas,  this  concentration 
ratio  is  greatest  selectively  in  the  one  vein  draining  the  lesion.   Contralat- 
eral veins  show  concentrations  equal  to  samples  obtained  from  the  general 
circulation.   Patients  with  hyperplasia  of  all  four  glands  show  concentra- 
tions of  hormone  in  the  thyroid  veins  on  either  side  greater  than  concentra- 
tions in  peripheral  plasma.   This  technique  utilizing  specific  radioimmuno- 
assays and  selective  catheterization  should  be  applicable  also  to  determining 
the  source  of  hormone  in  ectopic  hyperparathyroidism  produced  by  non-parathy- 
roid cancers.   Localization  of  anterior  mediastinal  parathyroid  adenomas 
has  become  possible  using  computed  tomography.   Three  mediastinal  adenomas 
have  been  treated  nonsurgically  by  percutaneous  catheter  injection  of 
occlusive  agents  into  the  arterial  blood  supply  with  two  complete  and 
one  partial  remissions. 

[Drs.  Marx,  Spiegel,  Downs,  Attie,  Brown,  and  Aurbach,  NIAMDD :  Dr.  Doppman, 
Radiology  Dept.,  C.C.] 

Measurement  of  intraoperative  urinary  cAMP  excretion  in  patients  under- 
going neck  exploration  for  primary  hyperparathyroidism  has  shown  that 
succcessful  removal  of  abnormal  parathyroid  tissue  is  followed  by  a  rapid 
decline  to  low  levels  (<1.5  pmol/g  creatinine).   In  patients  in  whom  surgery 
was  not  curative,  levels  remained  elevated.   These  results  suggest  that 
monitoring  UcAMP  excretion  intraoperatively  (utilizing  techniques  for 
rapid  radioimmunoassay  of  cAMP)  could  aid  in  operative  management  of  patients 
with  primary  hyperparathyroidism. 
[Drs.  Spiegel,  Marx,  Downs,  Attie,  Brown  and  Aurbach,  NIAMDD] 

A  method  has  been  developed  for  isolating  functionally  intact  bovine 
and  human  parathyroid  cells.   Normal  bovine  parathyroid  glands  and  human 
adenomatous  or  primarily  hyperplastic  glands  are  digested  with  collagenase 
and  DNase  to  give  a  cell  preparation  viable  by  both  morphologic  and  functional 
criteria.   The  cells  show  inverse  proportionate  control  of  hormone  secretion 
in  response  to  calcium  although  cells  from  parathyroid  adenomas  appear 
to  require  a  higher  than  normal  calcium  concentration  for  50%  inhibition 
of  PTH  release.   Both  human  and  bovine  parathyroid  cells  contain  a  beta- 
adrenergic  receptor  which  has  been  directly  identified  by  iodohydroxybenzyl- 
pindolol  binding  and  characterized  in  terms  of  response  of  cAMP  accumulation 
and  PTH  release  to  beta-adrenergic  agonists.   Recent  studies  with  other 
ligands  elevating  cAMP  such  as  prostaglandins,  secretin  and  dopamine  also 
demonstrate  a  close  relationship  between  cAMP  and  PTH  release  in  this 
system.   Alpha-adrenergic  agonists  and  PGF^   are  inhibitors  of  secretion. 
Studies  have  recently  been  completed  showing  a  requirement  for  a  permeant 
anion  to  support  PTH  release,  similar  to  that  seen  in  other  secretory 
systems  thought  to  act  through  exocytosis .   Pathologic  parathyroid  cells 
contain  receptors  not  found  on  normal  cells. 
[Drs.  Brown,  Gardner,  Windeck  and  Pollard,  NIAMDD] 
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The  cooperative  study  between  investigators  in  NIAMDD  and  members        ^^Bj 
of  the  staff  of  Hadassah  Medical  School-Hebrew  University,  Jerusalem,        ^P 
involving  approximately  300  ambulatory  patients  with  osteoporosis  is 
in  progress  in  Jerusalem.   By  a  combination  of  dietary  survey,  x-ray, 
bone  mineral  content,  medical  history  and  other  methods,  considerable  infor- 
mation on  the  natural  history  of  osteoporosis  is  anticipated;  in  addition, 
a  double-blind  study  is  being  made  of  the  possible  value  of  oral  administratio-^ 
of  high  calcium,  high  phosphate  and  fluoride  in  treatment  of  osteoporosis.    ^^t 
This  study,  now  in  its  fifth  year,  is  in  the  process  of  adding  certain       ^ 
new  techniques  for  evaluation, of  physiologic  factors  affecting  bone  metabolism: 
intestinal  absorption  tests  (  Ca)  ,  blood  levels  of  a  variety  of  vitamin 
D  metabolites  and  fluoride  tolerance  tests.   In  addition,  in  association 
with  this  project  members  of  the  Physics  Department,  HadassahMedical  Organiza- 
tion, are  being  supported  in  the  development  of  a  relatively  new  technique 
of  bone  densitometry,  Compton  scattering,  which  it  is  hoped  may  be  applied 
to  the  spine,  a  most  difficult  location  in  which  to  make  such  measurements, 
yet  the  most  critical  for  assessment  of  the  status  of  osteoporosis. 
[Dr.  P.  H.  Bennett,  Dr.  G.  D.  Whedon] 
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SUMMARY  OF  WORK  (200  «ords  or  less  -  underline  keywords) 

The  objectives  of  the  project  on  bone  metabolism  are  to  investigate  the  factors 
influencing  mineral  storage  and  loss  in  demineralizing  bone  diseases  and  to 
study  the  influence  of  added  calcium  and  phosphate  on  resorption  of  bone 
mineral.   The  project  involves  estimation  of  bone  density  by  photon 
absorptiometry  and  various  techniques  relative  to  vitamin  D  and  fluoride 
metabolism. 

During  the  past  year,  clinical  studies  of  osteoporosis  have  been  continued, 
using  photon  absorption  densitometry,  with  observations  of  the  bone  mineral 
content  in  various  populations  and  of  the  possible  effect  thereon  of  dietary 


manipulation, 
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Objectives :  To  investigate  the  factors  influencing  mineral  storage  and  loss 
in  demineralizing  bone  diseases. 

Methods  Employed:   (1)  Estimation  of  bone  density  in  the  radius  by  photon 

absorptiometry.   (2)  Estimation  of  intestinal  absorption  of  calcium  by 

oral  administration  of  tracer  doses  of  "^  Ca.   (3)  Tests  of  fluoride  tolerance 

Major  Findings:   Studies  have  continued  in  order  to  evaluate  the  clinical 
usefulness  of  photon  absorption  method  of  bone  mineral  analysis.   Using  this 
technique,  with  an  iodine-125  source,  values  for  bone  mineral  content  in 
a  normal  population  of  children  and  adults  were  determined.   These  studies 
demonstrated  a  fairly  linear  increase  in  bone  mineral  content  from  birth 
into  the  third  decade;  thereafter  bone  mineral  decreased  in  both  men  and 
women,  but  at  a  faster  rate  in  women  than  in  men. 

Measurement  of  bone  mineral  content  in  the  radius  in  black  populations 
from  birth  through  adult  life  disclosed  a  greater  mineral  content  in  blacks 
compared  with  whites  at  all  ages.   Based  on  group  data  (single  or  few  measure- 
ments each  on  many  individuals)  ,  black  females  lose  mineral  in  the  radius 
with  aging.   These  studies  confirm  the  clinical  impression  that  osteoporosis 
is  very  uncommon  in  blacks  and  suggests  that  as  currently  defined  osteoporosis 
should  not  occur  as  a  primary  disease  in  black  males.   Bone  mineral  content 
was  determined  in  black  patients  with  sickle  cell  anemia.   Sixty-four  percent 
of  males  and  39  percent  of  females  with  sickle  cell  disease  have  less  bone    j^ 
mineral  than  normal  black  children  of  the  same  age.   The  ratio  of  bone  mineral^ 
content  to  bone  width  followed  the  normal  pattern  in  these  children.   Loss 
of  bone  mineral  content  did  not  correlate  with  severity  of  anemia  or  transfusion 
requirement . 

The  cooperative  study  between  investigators  in  NIAMDD  and  members  of 
the  staff  of  Hadassah  Medical  School-Hebrew  University,  Jerusalem,  involving 
approximately  300  ambulatory  patients  with  osteoporosis  is  in  progress  in 
Jerusalem.   By  a  combination  of  dietary  survey,  x-ray,  bone  mineral  content, 
medical  history  and  other  methods,  considerable  information  on  the  natural 
history  of  osteoporosis  is  anticipated;  in  addition,  a  double-blind  study 
is  being  made  of  the  possible  value  of  oral  administration  of  high  calcium, 
high  phosphate  and  fluoride  in  treatment  of  osteoporosis.   This  study,  now 
in  its  fifth  year,  is  in  the  process  of  adding  certain  new  techniques  for 
evaluation  of -physiologic  factors  affecting  bone  metabolism:  intestinal  absorp- 
tion tests  (   Ca) ,  blood  levels  of  a  variety  of  vitamin  D  metabolites  and 
fluoride  tolerance  tests.   In  addition,  in  association  with  this  project 
members  of  the  Physics  Department , Hadassah  Medical  Organization,  are  being    4r 
supported  in  the  development  of  a  relatively  new  technique  of  bone  densitometry 
Compton  scattering,  which  it  is  hoped  may  be  applied  to  the  spine,  a  most 
difficult  location  in  which  to  make  such  measurements,  yet  the  most  critical 
for  assessment  of  the  status  of  osteoporosis. 
[Dr.  P.  H.  Bennett,  Dr.  G.  D.  Whedon] 
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Publications : 

1.  Hazan,  G.,  Leichter,  I.,  Loewinger ,  E.,  Weinreb,  A.,  and  Robin,  G.  C.: 
The  early  detection  of  osteoporosis  by  Compton  gamma  ray  spectroscopy. 
Phys.  Med.  Biol.  22:   1073-1084,  1977. 

2.  Leichter,  I.,  Hazan,  G.,  Loewinger,  E.,  Weinreb,  A.,  Robin,  G.  C., 
Menczel,  J.,  and  Makin,  M.:   Osteoporosis  —  comparison  between  bone 
density  of  the  distal  radius,  its  bone  mineral  content  and  the  cortical 
index  of  the  third  metacarpal.   Fourth  International  Conference  on 
Bone  Measurement,  Toronto,  Canada,  June  1-3,  1978. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Little  is  known  about  the  nature  of  circulating  parathyroid  hormone  in 
clinical  disease.   It  is  the  purpose  of  this  project  to  isolate  parathyroid 
hormone,  determine  the  structure  of  the  polypeptide,  elucidate  the  mechanism  of 
action  of  the  hormone,  and  to  develop  a  clinically  useful  test  for  circulating 
parathyroid  hormone.   From  these  studies  it  is  expected  that  one  can  understand 
the  pathophysiology  of  certain  metabolic  diseases  of  bone  and  endocrine  disturiv- 
ances.  The  entire  structures  of  bovine,  porcine  and  human  parathyroid  hormonejJT^ 
have  been  determined.   Synthetic  polypeptides  representing  the  first  34  residii^, 
of  bovine  and  human  parathyroid  hormone  have  been  prepared.   These  molecules 
show  all  the  biological  properties  of  the  native  hormonal  polypeptide.   A  highly' 
sensitive  radioixmnunoassay  for  the  hormone  has  been  developed  and  is  being  modi- 
fied further  for  potential  use  as  a  specific  clinical  tool.   Studies  show  that 
the  mechanism  of  action  of  the  hormone  is  mediated  through  direct  hormonal      _ 
activation  of  adenylate  cyclase  in  bone  and  kidney.   An  isolated  parathyroid  t^ 
cell  system  has  been  developed  that  allows  studies  of  secretagogue  for  parath-}~ 
roid  hormone. 
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Objectives :   To  prepare  purified  parathyroid  hormone  in  pilot-plant  quantities; 
to  study  chemical  properties  and  structure  of  the  hormone;  to  relate  chemical 
properties  and  structure  to  biological  activity  and  to  study  the  mechanism 
of  action  of  the  hormone;  to  develop  a  clinically  useful  test  for  circulating 
parathyroid  hormone;  to  study  the  physiological  regulation  of  secretion 
of  the  hormone . 

Methods  Employed:   Pure  parathyroid  hormone  is  prepared  from  phenol  extracts 

by  methods  previously  described  from  this  laboratory.   The  hormone  is  assayed 

in  vivo  in  rats,  in  vitro  by  measuring  hormonal  activation  of  adenylate 

cyclase,  or  by  a  highly  sensitive  radioimmunoassay.   Adenylate  cyclase 

is  measured  by  determining  conversion  of  a-  "P-labeled  ATP  to  cyclic  3',5'- 

AMP .   Endogenous  concentration  of  cyclic  3 ',5 '-AMP  or  cyclic  3',5'-GMP 

is  determined  by  radioimmunoassay. 

Major  findings:  mechanism  of  action.   Our  earlier  studies  showed  that  the 
parathyroid  status  of  animals  is  an  important  factor  regulating  excretion 
of  cyclic  AMP  in  the  urine.   This  finding  led  to  development  of  the  thesis 
that  cyclic  AMP  is  involved  in  the  mediation  of  parathyroid  hormone  action. 
Subsequent  work  showed  that  parathyroid  hormone  in  vitro  activates  adenylate 
cyclase  in  the  kidney  as  well  as  in  bone,  the  two  organs  known  to  be  physiolog- 
ical receptors  for  action  of  the  hormone.   Adenylate  cyclase  in  the  kidney 
is  found  in  two  different  anatomic  zones;  adenylate  cyclase  in  the  cortex 
responds  specifically  to  parathyroid  hormone  whereas  that  in  the  medulla 
responds  to  vasopressin.   This  work  and  numerous  corroborative  studies 
in  other  laboratories  established  that  the  receptor  for  parathyroid  hormone 
in  kidney  resides  within  the  renal  cortical  tubule  as  had  been  suspected 
but  not  proven  from  indirect  in  vivo  physiological  experiments. 

Human  parathyroid  hormone.   Parathyroid  hormone  has  been  purified  from 
human  parathyroid  adenomas.   Earlier  studies  proved  that  the  human  hormone 
is  different  immunologically  from  the  bovine  hormone.   Amino  acid  analyses 
of  the  hormone  purified  from  each  source  indicated  approximately  eight 
amino  acid  substitutions  in  the  human  hormone.   The  amino  acid  sequence 
has  been  completed  for  the  first  37  amino  acids  at  the  amino-terminal  end 
of  the  molecule  (Drs.  Potts  and  Rosenblatt).   Based  on  this  analysis,  Drs. 
Potts  and  Rosenblatt  (Boston)  synthesized  the  tetratriacontapeptide  represent- 
ing the  amino  terminus  of  the  molecule.   The  product  is  fully  active  in 
vitro  and  in  vivo  and  studies  have  already  been  reported  on  clinical  use 
of  the  peptide.   [Dr.  G.D.  Aurbach;  Drs.  Potts,  Rosenblatt  and  Keutmann] 

The  entire  amino  acid  sequence  of  human  parathyroid  hormone  has  now 
been  completed  (Keutmann,  Sauer,  Boehnert,  Hendy  and  O'Riordan,  Program 
of  the  60th  Meeting  of  The  Endocrine  Society,  Abstract  ?/477)  . 

Parathyroid  cells  in  vitro.   Methods  have  been  developed  for  isolating 
functionally  intact  bovine  parathyroid  cells.   Finely  minced  tissue  is 
digested  for  30-60  minutes  with  collagenase  and  DNase  and  periodically  disrupt- 
ed by  vigorous  pipetting.   The  resulting  cell  population  is  indistinguishable 
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from  intact  bovine  tissue  by  electron  microscopy  and  shows  a  similar  inversely 
proportionate  relationship  of  parathyroid  hormone  (PTH)  release  to  calcium. 
A  similar  method  has  been  devised  to  prepare  viable  dispersed  cells  from 
human  adenomatous  and  hyperplastic  tissue. 

g --Adrenergic  receptors  on  parathyroid  cells  were  characterized  by 
binding, studies  with  the  iodinated  g-adrenergic  blocker    I-hydroxybenzylpin^ 
dolol  (   I-HYP) .   Bovine  parathyroid  cells  contain  5000-10,000  g-adrenergic 
receptors/cell  and  there  is  a  Qlpse  correlation  between  effects  of  agonists 
and  antagonists  on  binding  of    I-HYP,  accumulation  of  cAMP,  and  release 
of  PTH.   Several  other  secretagogues  have  now  been  defined  which  appear 
to  act  through  alterations  in  intracellular  cAMP .   Dopamine  stimulates  cellular 
cAMP  20-30  fold  through  a  receptor  which  is  clearly  distinguishable  from 
the  g-adrenergic  receptor  by  studies  with  specific  antagonists.   Like  g- 
adrenergic  agonists,  dopamine  stimulates  PTH  release  2-4  fold  at  early  times 
(5-30  minutes) .   Prostaglandins  of  the  E-series  (PGE„) ,  and  the  gastrointesti- 
nal hormone  secretin  also  stimulate  cAMP  accumulation  and  PTH  release. 
It  has  also  been  found  that  parathyroid  secretion  and  cAMP  accumulation 
are  inhibited  by  prostaglandin  F„   and  a-adrenergic  agents.   Studies  are 
in  progress  to  identify  these  receptors  directly.   A  close  relationship 
is  evident  between  extracellular  cAMP  and  PTH  release  regardless  of  the 
agent  altering  cAMP  (lowering  calcium  concentration,  phosphodiesterase  inhibi- 
tors, isoproterenol,  dopamine,  ct-adrenergic  agonist  or  prostaglandin). 

Recent  collaborative  studies  (Dr.  Pollard,  NIAMDD)  have  demonstrated     ^ 
a  requirement  for  a  permeant  anion  (CI  or  OH  )  to  support  PTH  release  from 
dispersed  parathyroid  cells.   The  anion-stimulated  release  is  competitively 
inhibited  by  classical  anion  transport  blockers  such  as  probenecid,  suggesting 
that  anion  transport  may  regulate  exocytosis  in  this  system.   These  findings 
are  analogous  to  those  in  other  exocytotic  systems  analyzed  to  date  (isolated 
chromaffin  granules,  platelet  serotonin  release). 

Studies  employing  isolated  cells  from  pathologic  human  parathyroid  glands 
removed  at  the  time  of  surgery  for  hyperparathyroidism  suggest  a  variety 
of  abnormalities  in  function.   The  majority  of  cell  preparations  from  patients 
with  both  adenomas  and  primary  hyperplasia  suppress  to  20-40%  of  their  maximal 
hormone  output,  but  adenomas  appear  to  require  a  higher  than  normal  calcium 
to  suppress.   Pathologic  human  tissue  generally  lacks  responsiveness  to  PGE„ 
and  isoproterenol,  effective  agonists  in  normal  bovine  glands,  but  frequently 
shows  cAMP  and  secretory  responses  to  unusual  agonists,  e.g.  glucagon  and 
histamine. 

These  studies  indicate  the  utility  of  isolated  parathyroid  cells  for 
investigating  normal  or  abnormal  parathyroid  physiology.   The  mechanism 
of  secretagogue-stimulated  PTH  release  may  be  investigated  in  terms  of  hormone 
binding,  intracellular  mediators,  and  the  synthesis  and  release  of  PTH. 
[Drs.  Brown,  Gardner,  Windeck  and  Pollard] 
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Significance  to  Biomedical  Research  and  Program  of  the  Institute:   Same  as 
for  July  1968-September  30,  1977. 

Proposed  Course  of  Project:   Same  as  for  July  1968-September  30,  1977. 

Publications : 

1.  Aurbach,  G.D.,  Brown,  E.M.,  and  Marx,  S.J.:   Receptors  and  cyclic  nucleotides 
in  secretion  and  action  of  parathyroid  hormone.   Calcif.  Tissue  Res.  22  CS"): 
117-126,  1977. 

2.  Pollard,  H.  B.,  Pazoles,  C.  J.,  Creutz,  C.  E.,  Ramu,  A.,  Strott,  C.  A., 
Ray,  P.,  Brown,  E.  M.,  Aurbach,  G.  D,,  Tack-Goldman,  K.  M. ,  and  Shulman, 
N.  R.:   A  role  for  anion  transport  in  the  regulation  of  release  from 
chromaffin  granules  and  exocytosis  from  cells.   J.  Supramol.  Struct. 

7:   277-285,  1977. 

3.  Brown,  E.  M.,  Carroll,  R.  J.,  and  Aurbach,  G.  D.:   Dopaminergic  stimulation 
of  cyclic  AMP  accumulation  and  parathyroid  hormone  release  from  dispersed 
bovine  cells.   Proc.  Natl.  Acad.  Sci.  USA  74:   4210-4213,  1977. 

4.  Brown,  E.  M.,  Pazoles,  C.  J.,  Creutz,  C.  E.,  Aurbach,  G.  D.,  and  Pollard, 
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D.  H.,  and  Talmage,  R.  V.  (Eds.):   Proceedings  of  the  6th  Parathyroid 
Conference.   Amsterdam,  Excerpta  Medica,  1978,  pp.  207-208 

6.  Aurbach,  G.  D.,  and  Phang,  J.  M.  :   Vitamin  D,  parathyroid  hormone,  and 
calcitonin.   In  Mountcastle,  V.  B.  (Ed.):  Medical  Physiology,  14th 
Edition.   Saint  Louis,  The  C.  V.  Mosby  Co.,  1978,  in  press. 

7.  Aurbach,  G.  D.:   Parathyroid.   In  Beeson,  P.  S.,  McDermott,  W. ,  and 
Wyngaarden,  J.  B.  (Eds.):  Cecil-Loeb  Textbook  of  Medicine,  15th  Edition. 
Philadelphia,  W.  B.  Saunders  Co.,  1978,  in  press. 

8.  Gardner,  D.  G,,  Brown,  E.  M.,  Windeck,  R.,  and  Aurbach,  G.  D.:   Prosta- 
glandin E^  stimulation  of  adenosine  3 ' ,5 '-monophosphate  accumulation  and 
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Endocrinology ,  1978,  in  press. 
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SUMMARY  OF  WORK  (200  «ords  or  less  -  underline  keywords) 

The  purpose  is  to  study  the  interaction  of  calcitonin  with  its  specific 
receptor  target  organs.  The  current  investigations  should  provide  further 


insight  into  the  structure  function  relationship  in  calcitonin.  Calcitonin 
is  a  small  polypeptide  hormone  and  therefore  lends  itself  well  to  studies 
using  synthetic  peptide  fragments.  The  system  is  also  useful  for  characterizing 
hormone  receptors  in  kidney,  bone  and  other  tissues.   Studies  are  in 
progress  to  characterize  further  the  interaction  of  calcitonin  with  tissue 
receptors.   It  also  will  be  of  interest  to  solubilize  the  receptors  and 
characterize  them  chemically. 
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Objectives :   To  study  the  interaction  of  calcitonin  with  its  specific  receptor 
target  organs . 

Methods  Employed:   The  interaction  of  calcitonin  with  its  receptors  has 
been  evaluated  by  determining  adenylate  cyclase  as  well  as  binding  of  radioio- 
dinated  calcitonin  to  membranes  isolated  from  renal  tissue  and  to  lymphoid   ^ 
cells  isolated  from  human  and  other  species  or  grown  in  tissue  culture.      W 

Major  Findings:   A  purification  procedure  for  kidney  membranes  has  been 
developed.   It  has  been  shown  that  the  calcitonin  receptor  from  the  kidney 
is  concentrated  at  the  corticomedullary  junction.   The  membranes  which 
bind  calcitonin  and  contain  calcitonin-sensitive  adenylate  cyclase  show 
low  specific  activities  for  renal  brush  border  enzymes,  indicating  that 
calcitonin  receptors  are  localized  at  an  anti-luminal  aspect  of  renal  cells 
or  at  a  site  that  does  not  contain  brush  borders.   Utilizing  a  series  of 
calcitonin  analogs,  dose  response  curves  were  compared  for  binding  to  receptors 
from  kidney  and  bone.   The  dose  response  curves  in  the  two  tissues  are 
virtually  superimposable,  suggesting  that  the  calcitonin  receptor  in  the 
two  organs  has  a  similar  molecular  structure.   The  interaction  of  the 
hormone-receptor  complex  with  the  adenylate  cyclase  enzyme  is  modified 
by  the  presence  of  guanine  nucleotides.  In  the  presence  of  GMPPNP  the  threshold 
for  hormonal  activation  is  lowered. 

The  relative  renal  responses  to  calcitonin  analogs  are  similar  whether   jtS 
determined  by  competitive  binding  or  adenylate  cyclase  activation.   Thus     W 
potency  differences  of  the  analogs  tested  are  largely  dependent  upon  effective- 
ness at  the  receptor  level.   Activity  of  the  adenylate  cyclase  enzyme  of 
human  lymphocytes  was  not  modulated  by  ambient  or  bound  calcitonin. 

Calcitonin  receptors  were  identified  on  cultured  human  lymphocytes. 
The  characteristics  of  these  receptors  are  similar  to  those  on  rat  renal 
and  calvarial  membranes  as  determined  by  competitive  binding  studies. 
The  lymphocyte  receptors,  however,  do  not  appear  capable  of  modulating 
adenylate  cyclase  enzyme  in  that  cyclic  AMP  was  not  detected  after  adding 
calcitonin  to  intact  cells.   Lymphocyte  preparations  should  prove  useful, 
however,  in  that  they  represent  a  readily  obtainable  human  tissue  containing 
calcitonin  receptors.   Results  with  this  human  material  indicated  that, 
although  calcitonin  polypeptides  have  undergone  remarkable  evolutionary 
changes  in  structure  and  effectiveness,  there  has  been  no  significant  corres- 
ponding change  in  biological  nature  of  calcitonin  receptors. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute:   The       ^E 
current  investigations  should  provide  further  insight  into  the  structure-    ^^ 
function  relationship  in  calcitonin.   Calcitonin  is  a  small  polypeptide 
hormone  and  therefore  lends  itself  well  to  studies  using  synthetic  peptide 
fragments.   The  system  is  also  useful  characterizing  hormone  receptors 
present  in  kidney,  bone,  and  other  tissues. 
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Proposed  Course  of  Project:   Further  studies  are  in  progress  to  characterize 
further  the  interaction  of  calcitonin  with  its  tissue  receptors.   It  also 
will  be  of  interest  to  solubilize  calcitonin  receptors  and  further  character- 
ize them.   Purified  lymphoid  cell  types  are  being  characterized  with  respect 
to  the  density  of  calcitonin  receptors  on  their  surface.   The  whole  cell 
system  also  may  be  applied  to  evaluate  the  regulation  of  receptor  metabolism 
in  vitro  and  in  human  disease  states . 

Publications:  ^^^^ 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

In  1942  Albright  and  his  associates  described  the  features  of  a  new  clinical 
syndrome  "pseudohypoparathyroidism."  Patients  with  this  disorder  differ 
from  those  with  idiopathic  hypoparathyroidism  in  that  they  have  characteristic 
constitutional  features  and  they  do  not  respond  to  exogenous  parathyroid 
extract.   Our  findings  that  parathyroid  hormone  action  is  likely  mediated 
through  activation  of  adenylate  cyclase,  led  us  to  test  cases  of  pseudohypopaijy' 
thyroidism  by  giving  intravenous  parathyroid  hormone  and  measuring  cyclic ^ 
3 ' ,5 '-AMP  in  the  urine.   In  normal  subjects  as  well  as  usual  forms  of  hypopara- 
thyroidism, parathyroid  hormone  causes  a  10-  to  60-fold  increase  in  urinary 
cyclic  AMP  (cAMP) .   This  response  is  abnormal  (slight  or  no  increased  cAMP 
excretion)  in  pseudohypoparathyroidism,  indicating  that  there  is  a  defective 
parathyroid  hormone-adenylate  cyclase  complex  in  the  kidney  in  this  disorder . 
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Project  Description.   In  1942  Albright  and  his  associates  described  the 
features  of  a  new  clinical  syndrome  "pseudohypoparathyroidism."  Patients 
with  this  disorder  differ  from  those  with  idiopathic  hypoparathyroidism 
in  that  they  have  characteristic  constitutional  features  and  they  do  not 
respond  to  exogenous  parathyroid  extract.  Albright  proposed  that  this  disorder 
was  attributable  to  lack  of  end  organ  sensitivity  to  normally-secreted  endoge- 
nous parathyroid  hormone.   Our  findings  that  parathyroid  hormone  action 
is  likely  mediated  through  activation  of  adenylate  cyclase,  led  us  to  test 
cases  of  pseudohypoparathyroidism  by  giving  intravenous  parathyroid  hormone 
and  measuring  cyclic  3',5'-AMP  in  the  urine.   Pseudopseudohypoparathyroidism 
is  a  variant  of  the  disorder  and  may  occur  in  the  same  families  with  pseudohypo- 
parathyroidism.  Pseudopseudohypoparathyroidism  is  characterized  by  similar 
constitutional  features  but  no  clinical  evidence  of  hypoparathyroidism. 
Several  other  syndromes  including  Gardner's  syndrome,  basal  cell  nevus  syndrome, 
syndrome  of  calcification  of  basal  ganglia,  and  vitamin  D-resistant  osteomalacia 
have  also  been  reported  in  the  past  as  resistant  to  the  phosphaturic  action 
of  parathyroid  hormone.   Current  studies  have  been  extended  to  include 
testing  patients  in  these  categories  as  well. 

Methods ;   Parathyroid  hormone  purified  in  our  laboratories  was  sterile- 
filtered  for  clinical  use  through  courtesy  of  the  N.I.H.  Pharmacy.   Radio- 
immunoassay of  parathyroid  hormone  was  carried  out  as  described  previously. 
Measurement  of  3 ',5 '-AMP  was  performed  according  to  the  procedure  devised 
in  this  laboratory. 

Major  Findings:   In  normal  subjects,  parathyroid  hormone  causes  a  10-  to 
60-fold  rise  in  urinary  excretion  of  cyclic  AMP  within  30  minutes  or  less 
after  intravenous  administration  of  the  hormone.   A  similar  response  has 
been  observed  in  idiopathic,  hypoparathyroid,  surgical  hypoparathyroid, 
and  pseudopseudohypopara thyroid  subjects  (the  latter  category  show  the 
constitutional  changes  but  do  not  have  laboratory  evidence  of  hypoparathyroid- 
ism) .   Parathyroid  hormone  caused  little  or  no  increase  in  excretion  of 
cyclic  AMP  in  patients  with  pseudohypoparathyroidism.   In  one  case,  studied 
through  the  cooperation  of  a  clinical  investigator  at  another  hospital, 
there  was  a  moderate  rise  in  excretion  of  cyclic  AMP;  however,  the  diagnosis 
in  this  instance  may  be  incorrect,  and  as  yet  we  have  not  had  the  opportunity 
of  seeing  the  patient  at  the  Clinical  Center.   Patients  with  this  disorder 
who  fail  to  respond  to  parathyroid  hormone  showed  a  similarly  defective 
response  after  prolonged  calcium  infusion.   Parathyroid  hormone  was  detectable 
in  the  plasma  of  pseudohypoparathyroid  subjects  before  infusion  of  calcium 
but  not  after.   This  experiment  tended  to  rule  out  the  possibility  that 
an  abnormal  endogenously  secreted  hormone  immunologically  reactive  but 
biologically  inert  interfered  with  the  action  of  exogenous  parathyroid 
hormone . 

The  best  evidence  to  date  is  that  pseudohypoparathyroidism  represents  a 

genetic  defect  inherited  as  a  sex-linked,  dominant  trait.  There  have  been 

no  documented  cases  of  direct  male-to-male  transmission  of  the  disease 

and  the  sex  incidence  is  approximately  2:1  female-to-male.  Several  pedigrees 
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have  been  described  wherein  pseudophyoparathyroid  subjects  were  progeny 
of  pseudopseudohypoparathyroid  parents  or  vice  versa.   One  family  studied 
at  the  N.I.H.  included  a  mother  with  pseudopseudohypoparathyroidism  and 
her  daughter  with  pseudohypoparathyroidism.  The  daughter  failed  to  respond 
to  exogenous  hormone  but  the  mother  responded  normally.   We  have  also  observed 
that,  although  the  response  to  pseudopseudohypoparathyroidism  is  normal      ^j^ 
to  exogenous  hormone,  there  is  a  significantly  increased  rate  of  baseline    ^p^ 
excretion  of  cyclic  AMP  in  this  group.   This  observation  may  be  of  importance 
in  further  delineation  of  the  precise  genetic  mechanism  involved  in  trans- 
mission of  the  disorder.   It  appears  likely  that  the  cause  of  the  disorder 
may  be  the  existence  of  genetically  deficient  or  defective  adenylate  cyclase 
in  the  bone  and  kidney  of  these  subjects. 

There  is  an  association  of  hypothyroidism  with  pseudohypoparathyroidism 
and  in  a  few  such  cases  the  hypothyroidism  has  been  attributed  to  selective 
deficiency  of  thyrotropin.   It  seems  possible  that  hypothyroidism  in  pseudohypo- 
parathyroidism might  reflect  an  abnormal  receptor  adenylate  cyclase  complex 
in  the  central  nervous  system  or  anterior  pituitary  analogous  to  the  defect 
in  the  receptor  for  parathyroid  hormone  in  kidney  and  bone.   Three  patients 
with  coexistent  hypothyroidism  and  pseudohypoparathyroidism  were  given 
thyrotropin-releasing  hormone  as  part  of  a  study  designed  to  localize 
the  site  of  the  thyroid  defect.   One  case  showed  an  abnormally  low  basal 
concentration  of  thyrotropin  in  plasma,  but  gave  a  normal  response  to 
thyrotropin-releasing  hormone.   In  the  two  other  cases,  a  mother  and  daughter,^ 
there  were  high  basal  concentrations  of  thyrotropin  in  plasma.   The  mother    B 
was  tested  with  TRH  and  showed  the  exaggerated  response  to  TSH  secretion 
characteristic  of  primary  hypothyroidism.   The  defect  in  the  first  case 
appears  to  be  at  the  level  of  the  hypothalamus  or  higher.   The  defect 
in  the  second  two  cases  may  represent  an  abnormality  of  the  thyroid  receptor 
for  TSH  itself. 

Patients  with  Gushing 's  syndrome,  basal  cell  nevous  syndrome,  syndrome 
of  calcification  of  the  basal  ganglia,  and  vitamin  D-resistant  osteomalacia 
showed  normal  responses  to  parathyroid  hormone  as  determined  by  urinary 
excretion  of  3 ',5 '-AMP.   It  was  concluded  that  the  classical  phosphaturic 
response  to  parathyroid  hormone  is  neither  precise  nor  sensitive  enough 
to  discriminate  normal  subjects  from  those  refractory  to  parathyroid  hormone. 

Kidney  tissue  was  obtained  from  a  patient  with  pseudohypoparathyroidism 
who  died  suddenly  with  complications  of  a  massive  pulmonary  embolus. 
It  was  demonstrated  in  vitro  that  the  membrane  fraction  of  this  kidney 
contained  adenylate  cyclase  activity  which  was  stimulatable  by  parathyroid 
hormone.   Thus,  it  was  concluded  that  pseudohypoparathyroidism  did  not 
represent  a  total  lack  of  the  renal  parathyroid  hormone-sensitive  adenylate 
cyclase  system. 


t  ) 


Significance  to  Biomedical  Research  and  Program  of  the  Institute:   Same 
as  reported  for  July  1,  1968-September  30,  1977. 

Proposed  Course  of  Project:   Same  as  reported  for  July  1,  1968-September  30,  \    W 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords^ 

To  isolate  and  purify  specific  hormone  receptors  in  particular  receptor  tissues; 
to  map  function  of  the  receptor  against  activation  of  adenylate  cyclase:  to 
determine  the  nature  of  the  link  between  generation  of  cyclic  3 ' ,5 '-AMP  and 
solute  transport  in  particular  cell  systems.   8-adrenergic  receptors  have  been 
identified  using  radioiodinated  hydroxybenzylpindolol  (l-(l-para-hydroxyphenyl- 
2-methyl-propylamino)-3-(4-indolyloxy)-2-propanol) ,  a  high-affinity  3-blocker . 
This  compound  binds  specifically  to  S-receptor  sites  on  cell  membranes.   Kinetic 
and  equilibrium  studies  identified  a  single  class  of  high  affinity  (2-4  x  10  M 
receptor  sites  on  turkey  erythrocyte  membranes,  200-400  sites  per  cell.   A 
series  of  6-adrenergic  agonists  and  inhibitors  compete  for  this  binding  site 
with  affinities  paralleling  biological  effectiveness  as  activators  or  inhibitors 
of  catecholamine-stimulated  adenylate  cyclase.   The  stereospecif icity  and  the 
correspondence  between  affinity  for  site  and  biological  effectiveness  indicate 
that  binding  of  iodohvdroxvbenzylpindolol  validly  reflects  interaction  with 
3-adrenergic  receptors  in  several  cell  systems. 
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Objectives :   To  isolate  and  purify  specific  hormone  receptors  in  particular 
receptor  tissues;  to  map  function  of  the  receptor  against  activation  of 
adenylate  cyclase;  to  determine  the  nature  of  the  link  between  generation 
of  cyclic  3 ',5 '-AMP  and  solute  transport  in  particular  cell  systems. 

Methods  Employed:   Polypeptide  and  catecholamine  hormones  are  purified  and 
iodinated  by  standard  methods  or  methods  developed  in  the  laboratory 
specifically  for  that  purpose.   Rate  of  association  of  hormones  is  determined 
by  incubating  plasma  membrane  fractions  or  whole  cell  with  labeled  hormones. 
The  kinetics  of  binding  Is  determined  by  rate  measurements  as  well  as  assess- 
ment of  steady  state  conditions.   Results  are  analyzed  by  double  reciprocal, 
Scatchard,  or  four-parameter  logistic  (Rodbard)  models  utilizing  computer 
programs  based  on  these  models.   Specific  hormone  binding  is  defined  in 
terms  of  dissociation  constant  (K  )  of  the  system.   Physiologically  significant 
binding  shows  K  's  compatible  with  the  dose-response  relationship  recognized 
for  the  hormone  at  the  physiological  level. 

The  interaction  of  catecholamines  with  the  3-adrenergic  receptor  and  activation 
of  adenylate  cyclase  were  studied  with  the  plasma  membrane  of  turkey  erythro- 
cytes and  mammalian  reticulocytes.   Interaction  of  6-adrenergic  agonists 
with  receptor  in  turkey  erythrocytes  causes  specific  stimulation  of 
sodium  transport.   This  effect  is  mediated  through  the  adenylate  cyclase- 
cyclic  3',5'-AMP  (cAMP)  system  and  can  be  reproduced  by  adding  exogenous 
cAMP. 

Incubation  of  turkey  erythrocyte  membranes  with  the  GTP  analog,  GMPPNP , 
and  isoproterenol  leads  to  persistent  activation  of  adenylate  cyclase 
("holocatalytic  state")  even  after  repeated  sedimentation  and  resuspension 
of  membranes  in  buffer  without  agonist.   Conditions  that  prevent  GMPPNP 
binding  (reduced  temperature,  GTP,  1  mM  EDTA)  prevent  formation  of  the 
holocatalytic  state.   Beta-adrenergic  blockers  can  prevent  formation  of 
this  state  but  are  ineffective  in  reversing  it  once  it  has  been  formed. 

The  mechanism  of  guanine  nucleotide  activation  of  adenylate  cyclase  has 

been  studied  in  turkey  erythrocyte  and  rat  reticulocyte  membranes.   When 

an  ATP  analog,  App(NH)p,  is  used  as  the  enzyme  substrate,  stimulation  by 

catecholamines  is  dependent  upon  the  presence  of  guanine  nucleotides.   A 

novel  GTP  analog,  Gp(CH^)pp,  was  found  capable  of  persistently  activating 

adenylate  cyclase,  excluding  the  possibility  that  guanine  nucleotides  act 

by  pyrophosphorylating  the  enzyme.   Results  suggest  that  GTP  binds  to  sites 

on  the  membranes  and  leads  to  enzyme  activation  that  is  terminated  by  cleavage 

of  GTP.   Compounds  resistant  to  cleavage  by  the  membranes,  e.g.  Gpp(NH)p 

and  Gp(CH„)pp,  lead  to  persistent  enzyme  activation.  ^  . 

Treatment  of  turkey  erythrocyte  membranes  with  detergent  solutions  under 

appropriate  conditions  allows  solubilization  of  adenylate  cyclase  in  high 

yield.   The  soluble  enzyme  is  stabilized  by  incubation  of  membranes,  prior 

to  solubilization,  with  hormone  (isoproterenol)  and  a  guanine  nucleotide 

such  as  Gpp(NH)p  or  5 ' -GMP .   Preincubation  with  GMP  allows  later  identification 
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and  manipulation  of  the  guanine  nucleotide  binding  site,  which  is  irreversibly 
blocked  by  preincubation  with  Gpp(NH)p.   In  agreement  with  the  work  of 
others  using  enzyme  derived  from  other  tissues,  we  have  found  that  the 
cyclase  activity  can  be  purified  approximately  5-fold  by  gel  filtration 
on  Sepharose  6B,  and  has  an  apparent  molecular  weight  in  a  nonionic  detergent 
solution  of  400,000-500,000  daltons.   Anion  exchange  chromatography  will 
yield  a  2-fold  purification,  and  when  these  methods  are  combined,  an  8-12 
fold  purification  from  the  original  soluble  preparation  can  be  achieved. 
Various  affinity  techniques  have  allowed  some  further  purification.   The  8- 
adrenergic  receptor  and  guanine  nucleotide  binding  protein  relevant  to  cyclase 
activation  are  also  found  in  the  soluble  enzyme  complex. 

Adenylate  cyclase  activity  is  sensitive  to  monothiol  inhibitors  such  as 
organic  mercurials  and  N-ethyl  maleimide.   Vicinal  dithiol  inhibitors,  arsenite 
and  cadmium  were  found  to  inhibit  adenylate  cyclase  activity  in  turkey  erythro- 
cyte and  rat  reticulocyte  membranes.  Arsenite  alone  was  a  weak  inhibitor 
(7  mM  ^  only  70%  inhibition)  but  its  effect  was  greatly  potentiated  by 
equimolar  2,3  dimercaprol  (3AL) .   Monothiols  such  as  mercaptoethanol  were 
much  less  effective  in  potentiating  arsenite  inhibition.   Excess  BAL  could 
prevent  or  reverse  both  arsenite  and  cadmium  inhibition  and  was  more  effective 
than  mercaptoethanol.   The  inhibitors  were  effective  against  basal,  catechol- 
amine, and  fluoride-stimulated  membrane-bound  enzyme  as  well  as  against 
a  detergent  solubilized  enzyme  preparation,  but  had  no  significant  effect 
on  binding  to  the  0-adrenergic  receptor.   These  results  indicate  that 
vicinal  dithiol  groups  are  involved  in  the  catalytic  function  of  adenylate 
cyclase. 

3-Adrenergic  receptor  sites  are  identified  using  a  radioiodinated  B-blocker 
-  hydroxybenzylpindolol  (1- (1-parahydroxybenzylpindolol  (1- (1-para-hydroxy- 
phenyl-2-methyl-2-propylamino)-3-(4-indolyloxy)-2-propanol) .   A  series 
of  8-adrenergic  agonists  and  inhibitors  compete  for  receptor  with  affinities 
paralleling  biological  effectiveness  as  activators  or  inhibitors  of  catechola- 
mine-stimulated  adenylate  cyclase.   The  stereospecif icity  of  interaction 
with  the  iodinated  S-blocking  agent  and  the  correspondence  between  affinity 
for  site  and  biological  effectiveness  indicates  the  validity  of  the  interac- 
tions with  S-adrenergic  receptors. 

3-Adrenergic  Receptor  of  Mammalian  Erythrocytes 

The  mature  nonnucleated  mammalian  erythrocyte  lacks  adenylate  cyclase 
activity.   Immature  rat  erythrocytes  (reticulocytes),  however,  possess 
significant  adenylate  cyclase  activity  which  can  be  stimulated  by  catechola- 
mines, GMPPNP  and  sodium  fluoride.   The  reticulocytes  contain  S-adrenergic 
receptors  identified  with  radioiodinated  hydroxybenzylpindolol  (I-HYP) 
as  ligand.   Antagonists  and  agonists  display  stereospecif icity  ((-)>>(+)) 
and  orders  of  potency  as  inhibitors  of  I-HYP  binding  with  rat  reticulocyte 
membranes  that  parallel  effects  on  adenylate  cyclase  activity.   During 
red  cell  maturation,  there  is  a  rapid  loss  (■^.  10%  remaining  after  1  week) 
of  adenylate  cyclase  activity  (including  basal  catecholamine-  and  fluoride- 
stimulated  enzyme) .   g-adrenergic  receptors  are  lost  at  a  slower  rate  than 
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adenylate  cyclase  activity  during  maturation.   These  studies  provide  evidence 
that  hormone  receptor  and  catalytic  moiety  are  discrete  entities. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute: 
There  are  a  number  of  disease  states  which  probably  represent  abnormalities 
of  hormone  receptors  or  the  coupling  between  receptor,  generation  of  cyclic 
AMP  and  physiological  response  to  the  hormone.   This  project  represents  the 
possible  development  of  a  model  system  wherein  the  connection  between  receptor 
binding  of  hormone,  generation  of  cyclic  AMP  and  transport  can  be  investigated. 
Diseases  such  as  nephrogenic  diabetes  insipidus  or  pseudohypoparathyroidism 
can  better  be  explained  once  the  inter-connecting  links  between  these  cellular 
events  are  understood. 

Proposed  Course  of  Project:   Continuing  studies  are  directed  towards  isolation 
of  the  receptors  for  particular  hormones  in  receptor  cells;  solubilization 
and  purification  of  adenylate  cyclase  and  of  the  receptor;  analysis  of  the 
interconnecting  substance  between  binding  and  adenylate  cyclase  activation; 
isolation  of  the  guanine  nucleotide  binding  protein;  identification  of  the 
system  activated  by  cyclic  AMP  in  stimulating  transport  of  solute. 

Publications : 

1.  Bilezikian,  J. P.,  Spiegel,  A.M.,  Gammon,  D.E.,  and  Aurbach,  G.D.:   The  role 
of  guanyl  nucleotides  in  the  expression  of  catecholamine-responsive 
adenylate  cyclase  during  maturation  of  the  rat  reticulocyte.   Molec . 
Pharmacol.  13:  786-795,  1977. 


i 


2.  Bilezikian,  J. P.,  Spiegel,  A.M.,  Brown,  E.M.,  and  Aurbach,  G.D.:   Identifica- 
tion and  persistence  of  beta-adrenergic  receptors  during  maturation  of  the 
rat  reticulocyte.   Molec.  Pharmacol.  13:   775-785,  1977. 

3.  Murad,  F.,  and  Aurbach,  G.D.:   Cyclic  GMP  in  metabolism:  interrelationship 
of  biogenic  amines,  hormones,  and  other  agents.   In  Freinkel,  N.  (Ed.): 
The  Year  in  Metabolism.   New  York,  Plenum  Publishing  Corporation,  1978, 
pp.  1-32 

4.  Aurbach,  G.  D.:   Parathyroid  Hormone  and  Calcitonin:  Receptors  and  Responses. 
In  James,  V.H.T.  (Ed.):  Endocrinology,  Proceedings  of  the  V  International 
Congress  of  Endocrinology.   Amsterdam,  Excerpta  Medica,  1977,  pp.  275-276 

5.  Aurbach,  G.  D.,  and  Brown,  E.  M. , :   Hormone  Receptors,  Cyclic  Nucleotides, 
and  Control  of  Cell  Function.   In  Freinkel,  N.  (Ed.):  The  Year  In  Metabolism 
1978.  New  York,  Plenum  Publishing  Corporation,  1978,  in  press. 

6.  Brown,  E.  M.,  Spiegel,  A.  M.,  Gardner,  J.  D.,  and  Aurbach,  G.  D.:   Direct    \ 
identification  and  characterization  of  beta-adrenergic  receptors  and 
functional  relationship  of  adenylate  cyclase.   In  Birnbaumer ,  L.  (Ed.): 
Steroid  Hormone  Receptors.   New  York,  Academic  Press,  in  press. 
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The  project  goal  is  the  evaluation  and  treatment  of  hyperparathyroidism. 
Patients  with  persistent  postoperative  hyperparathyroidism  are  referred  for 
evaluation  and  treatment.   Hereditary  hyperparathyroidism  in  particular  is 
under  investigation  in  the  hopes  of  delineating  hereditary  molecular  abnormalities 
in  glandular  regulation,  as  exemplified  in  the  multiple  endocrine  neoplasia 
syndromes.   Evaluation  ranges  from  epidemiologic  studies  of  families  to  in-house 
studies  of  patients  and  to  in  vitro  analyses  of  excised  tissue.   Techniques 
currently  being  employed  and  improved  include  radioimmunoassay  of  parathyroid 
hormone,  selective  arteriography  and  selective  venous  sampling  for  parathyroid 


hormone,  parathyroid  gland  cryopreservation  and  auto transplantation,  and 
transcatheter  parathyroid  gland  infarction, 
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Objectives :   To  study  the  regulation  of  parathyroid  gland  function.   To 
develop  and  evaluate  diagnostic  tests  of  parathyroid  function.   To  develop 
new  methods  for  localization  of  hyperfunctioning  parathyroid  tissue.   To 
evaluate  methods  of  treatment  of  hyperparathyroidism. 

Methods  employed:   Patients  with  suspected  hyperparathyroidism  are  referred    ' 
for  evaluation  and  treatment.   Evaluation  includes  radioimmunoassay  of 
circulating  parathyroid  hormone,  and  of  plasma  and  urinary  cyclic  AMP. 
Where  appropriate,  preoperative  evaluation  includes  selective  arteriography 
and  venography  with  selective  sampling  for  PTH  determination  and  computerized 
tomography  of  neck  and  mediastinum.   In  selected  cases  adenomatous  parathyroid 
glands  are  ablated  by  transarterial  infusion  of  various  agents.   Parathyroid 
exploration  is  done  by  the  Surgery  Branch,  NCI.   If  postoperative  hypoparathy- 
roidism is  considered  highly  likely,  parathyroid  tissue  may  be  simultaneous- 
ly autotransplanted  to  a  forearm  muscle.   Excised  parathyroid  tissue 
either  fresh  or  cryopreserved  is  evaluated  in  vitro  after  preparation 
of  dispersed  cells.   If  postoperative  hypoparathyroidism  is  considered 
possible,  tissue  is  cryopreserved  for  subsequent  autotransplantation. 
Techniques  for  cryopreserving  and  grafting  parathyroid  tissue  are  being 
studied  in  an  experimental  model  with  adult  dogs. 

Major  findings:  Diagnosis  and  clinical  findings:   A  large  number  of  patients 
with  primary  hyperparathyroidism  have  been  treated  and  their  clinical  and 
chemical  findings  have  been  described.   Weakness  was  noted  more  commonly 
than  had  previously  been  appreciated  and  muscle  biopsy  showed  atrophy  of 
type  I  and  especially  type  II  fibers  in  a  manner  diagnostic  of  denervating 
disease.   Studies  of  neuromuscular  function  in  subjects  with  secondary  hyper- 
parathyroidism showed  similar  clinical  and  histologic  findings.   The  most 
useful  diagnostic  tests  for  hyperparathyroidism  have  been  hypercalcemia 
associated  with  nonsuppressed  or  increased  parathyroid  hormone  concentrations 
in  peripheral  blood  and  increased  urinary  excretion  of  cyclic  AMP.   These 
findings  revert  rapidly  to  normal  following  successful  parathyroidectomy. 
Intestinal  absorption  of  calcium  is  increased  preoperatively  and  undoubtedly 
has  a  central  role  in  causing  hypercalcemia. 

[G.D.Aurbach,  S.J.Marx,  A.M.Spiegel,  E.M.Brown,  D.G.Gardner,  R.W.  Downs,  Jr., 
and  M.  Attie,  MDB,  NIAMDD ;  M.  Brennan,  Surgery  Branch,  NCI] 

Several  studies  have  utilized  urinary  cyclic  AMP  excretion  as  a  parameter  of 
parathyroid  hormone  action: 

Measurement  of  intraoperative  urinary  cAMP  excretion  in  patients  under- 
going neck  exploration  for  primary  hyperparathyroidism  has  shown  that  successful 
removal  of  abnormal  parathyroid  tissue  is  followed  by  a  rapid  decline  to       ^ 
low  levels  (<1.5  ymol/g  creatinine).   In  patients  in  whom  surgery  was  not      m^ 
curative,  levels  remained  elevated.   These  results  suggest  that  monitoring 
UcAMP  excretion  intraoperatively  (utilizing  techniques  for  rapid  radioimmuno- 
assay of  cAMP)  could  aid  in  operative  management  of  patients  with  primary 
hyperparathyroidism . 
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Lithium  has  several  actions  (e.g.  inhibition  of  antidiuretic  hormone  action) 
that  have  led  to  the  hypothesis  that  it  is  a  general  inhibitor  of  adenylate 
cyclase  and  may  be  useful  in  treating  diseases  characterized  by  excessive 
hormone  activation  of  this  enzyme.   The  effects  of  lithium  on  PTH  activation 
of  renal  adenylate  cyclase  were  studied  in  patients  receiving  lithium  for 
treatment  of  manic  depressive  disorders  and  in  patients  with  primary  hyperpara- 
thyroidism.  We  found  no  inhibition  by  lithium  of  the  rise  in  UcAMP  excretion 
following  PTH  infusion  and  no  effect  of  lithium  on  serum  calcium  or  tubular 
reabsorption  of  phosphate  in  patients  with  primary  hyperparathyroidism.   Lithium 
appears  to  be  unable  to  inhibit  PTH  activated  adenylate  cyclase  at  doses 
that  can  be  achieved  clinically. 

Familial  hyperparathyroidism.   Surveys  of  families  of  patients  with  primary 
parathyroid  hyperplasia  show  that  hereditary  disease  is  very  common  (approximate- 
ly 50%  in  our  series  of  25  index  cases  with  primary  parathyroid  hyperplasia) . 
In  two  large  families  a  novel  form  of  hyperparathyroidism  was  found  wherein 
hypercalcemia  occurs  without  hypercalciuria .   Unlike  typical  cases  of  familial 
hyperparathyroidism,  the  penetrance  of  hypercalcemia  approached  100%  in 
the  first  two  decades  with  severe  expression  even  in  one  neonate.   Review 
of  results  of  surgery  at  the  N.I.H.  and  elsewhere  has  shown  that  all  of 
6  patients  in  this  category  treated  by  subtotal  parathyroidectomy  had  persistent 
postoperative  hypercalcemia.   While  elevated  concentrations  of  glucagon 
and/or  gastrin  were  common  in  subjects  with  familial  multiple  endocrine 
neoplasia  type  I,  these  were  not  elevated  in  hypercalcemic  members  of  these 
two  families . 

[S.J.Marx,  A.M.Spiegel,  E.M.Brown,  D.G.Gardner,  R.W.  Downs,  Jr.,  M.  Attie, 
and  G.D.  Aurbach,  MDB,  NIAMDD ;  J.Gardner,  DDE,  NIAMDD ;  L.  Recant,  V .A. Hospital , 
Washing ton, D.C. ] 

Application  of  new  radiologic  techniques:   A  series  of  studies  has  been 
carried  out  utilizing  selective  venous  catheterization  and  a  radioimmunoassay 
for  parathyroid  hoirmone  for  localization  of  parathyroid  adenomas.   A  high 
degree  of  success  has  been  obtained  in  localizing  these  tumors  preoperatively . 
The  catheter  is  passed  through  the  femoral  vein  and  thence  through  the  major 
veins  to  reach  the  neck  where  selective  samples  are  taken  from  each  inferior 
and  superior  thyroid  vein.   Radioimmunoassays  show  that  veins  draining  parathy- 
roid adenomas  frequently  contain  concentrations  of  hormone  10-  to  20-fold 
or  more  greater  than  the  concentration  in  the  peripheral  plasma.   In  cases 
with  single  adenomas,  this  concentration  ratio  is  greatest  selectively  in 
one  vein  draining  the  adenoma.   The  contralateral  vein  shows  concentrations 
equal  to  samples  from  the  general  circulation.   Patients  with  hyperplasia 
of  all  four  glands  show  concentrations  of  hormone  in  the  thyroid  veins  on 
each  side  greater  than  concentrations  in  peripheral  plasma.   Usually  in 
these  cases  the  concentration  ratio  is  not  as  high  as  for  single  adenomas. 
This  technique  utilizing  specific  radioimmunoassays  and  selective  catheterization 
should  be  applicable  also  to  determining  the  source  of  hormone  in  ectopic 
hyperparathyroidism  produced  by  nonparathyroid  cancers. 
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Thyroid  and  internal  mammary  arteriography  enables  preoperative  identification 

of  hyperfunctioning  parathyroid  tissue  in  30%  or  more  of  cases  and  is  also 

helpful  in  defining  venous  drainage  to  facilitate  selective  catheterization. 

In  three  cases  of  mediastinal  parathyroid  adenoma  treatment  was  accomplished 

by  transarterial  infusion  of  hypertonic  glucose,  gelfoam  or  autologous  clot    j^ 

to  occlude  the  catheterized  parathyroid  artery.   Two  appear  fully  cured  and    ^p 

one  partially.   There  was  no  significant  morbidity  to  these  patients  who 

would  otherwise  have  required  sternotomy. 

[G.D.Aurbach,  S.J.Marx,  A.M.Spiegel,  E.M.Brown,  D.G.Gardner,  R.W.  Downs, 

Jr.,  and  M.  Attie,  MDB.NIAMDD:  J.Doppman,  Radiology  Dept . ,  C.C.,  NIH] 

Autotransplantation  and  cryopreservation  of  parathyroid:   Persistent  post- 
operative hyperparathyroidism  or  hypoparathyroidism  are  potential  problems 
in  patients  with  primary  parathyroid  hyperplasia  or  previous  unsuccessful 
parathyroid  exploration.   These  problems  may  be  lessened  if  parathyroid  tissue 
can  be  cryopreserved.   We  have  developed  experience  with  cryopreservation 
and  autotransplantation  of  parathyroid  glands  in  normal  dogs  and  also  in 
a  few  patients  who  developed  permanent  hypoparathyroidism  postoperatively. 
Avoidance  of  tissue  trauma  or  rapid  changes  in  temperature  or  pH  was  essential 
for  tissue  preservation.   Canine  parathyroid  tissue  has  been  successfully 
autotransplanted  after  cryopreservation  for  as  long  as  nine  months  and  function 
has  been  documented  by  measuring  release  of  immunoreactive  PTH  and  by  induction 
of  hypocalcemia  following  graft  excision. 

[G.D.Aurbach,  S.J.Marx,  A.M.Spiegel,  E.M.Brown,  D.G.Gardner,  R.W.  Downs,        ^ 
Jr.,  and  M.  Attie,  MDB,  NIAMDD ;  G.  Leight  and  M.  Brennan,  Surgery  Branch,  NCI]  fw 

Significance  to  Biomedical  Research  and  Program  of  the  Institute:   As  an  out- 
growth of  these  studies,  methods  of  localizing  and  treating  hypersecreting 
tissues  of  several  types  are  being  improved.   Hyperparathyroidism  is  a  prototype 
of  endocrine  hyperf unction.   Some  patients  have  hyperparathyroidism  in  combina- 
tion with  hereditary  hyperfunction  of  other  endocrine  glands  including  pituitary 
and  pancreas.   These  hyperf unctions  are  usually  benign  but  occasionally 
become  cancerous.   By  studying  families  with  hereditary  disease  we  hope 
to  gain  insight  into  specific  molecular  lesions  that  cause  loss  of  normal 
cellular  regulation  in  these  tissues.   This  collaborative  program  offers 
comprehensive  treatment  for  a  select  group  of  patients  who  have  proven  difficult 
or  impossible  to  treat  in  other  centers  in  the  United  States  and  abroad. 

Proposed  Course  of  Project:   Patients  with  suspected  primary  hyperparathyroid- 
ism will  be  accepted  for  evaluation  and  treatment.   We  will  continue  to  study 
familial  patterns  of  hyperparathyroidism  and  efforts  will  continue  towards 
improving  techniques  for  assessment  of  parathyroid  hormone  by  radioimmunoassay 
or  bioassay.   We  will  continue  to  explore  new  methods  of  localizing  hyperfunc- 
tioning parathyroid  tissue.   The  applicability  of  parathyroid  embolization     A 
and  the  role  of  parathyroid  autotransplantation  will  be  investigated  further.  ^ 
Patients  in  the  entire  program  will  provide  a  source  of  abnormal  parathyroid 
glands  to  be  studied  in  detail  in  vitro.   Patients  with  parathyroid  transplants 
will  be  ideal  test  subjects  for  putative  parathyroid  secretagogues . 
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Annual  Report  of  the  Digestive  Diseases  Branch 
SUMMARY  OF  BRANCH  ACTIVITIES 

The  Digestive  Diseases  Branch  has  two  sections  (Section  on  Gastro- 
enterology and  Section  on  Diseases  of  the  Liver).   As  of  July,  1978  each 
section  will  have  at  least  two  senior  physicians  trained  in  gastroenterology 
plus  3  clinical  associates.   Increasing  the  number  of  senior  staff  should 
enable  us  to  provide  better  consultation  service  to  patients  in  the  Clinical 
Center  and  to  expand  our  clinical  research  activities. 

More  detailed  summaries  of  the  activities  of  each  section  precedes  the 
individual  project  reports.   Both  sections  are  engaged  in  investigations 
of  basic  biologic  processes  (e.g.  hormone  action,  membrane  transport, 
cellular  and  humoral  immunology)  and  are  at  the  same  time,  attempting  to 
apply  this  information  to  understand  more  completely  the  pathophysiology  of 
various  disorders  involving  the  liver  and  gastrointestinal  tract.   Both 
sections  are  also  involved  in  attempts  to  improve  therapy  of  clinical 
disorders  such  as  neoplasms  associated  with  overproduction  of  gastrointestinal 
hormones,  and  fulminant  hepatic  failure. 

Section  on  Gastroenterology 

During  the  past  year  we  have  extended  our  studies  of  the  biochemical 
basis  of  action  of  gastrointestinal  hormones  on  their  target  tissues  and 
have  continued  our  investigations  of  patients  with  clinical  syndromes 
caused  by  tumor  production  of  one  or  more  gastrointestinal  hormones. 

In  dispersed  acinar  cells  prepared  from  guinea  pig  pancreas  we  have 
examined  the  biochemical  basis  of  action  of  various  pancreatic  secretagogues. 
Secretin,  vasoactive  intestinal  peptide  and  cholera  toxin  increase  enyzme 
secretion  as  a  result  of  their  abilities  to  activate  adenylate  cyclase  and 
increase  cyclic  AMP.   Cholinergic  agents,  cholecystokinin,  gastrin,  bombesin, 
caerulein,  litorin,  physalaemin,  eledoisin,  substance  P  and  the  divalent 
cation  ionophore  A23187  increase  enzyme  secretion  via  their  ability  to 
cause  release  of  membrane-bound  calcium.   Although  each  of  the  peptides 
which  causes  release  of  membrane-bound  calcium  also  causes  increased  cellular 
cyclic  GMP,  this  cyclic  nucleotide  does  not  appear  to  be  a  mediator  of  the 
action  of  these  secretagogues  on  enzyme  secretion.   In  these  cells  8-Bromo 
cyclic  GMP  mimics  the  action  of  endogenous  cyclic  AMP  and  surprisingly, 
dibutyryl  cyclic  GMP  is  a  fully  competitive  antagonist  of  the  action  of 
cholecystokinin.   Membrane-bound  calcium  not  only  functions  to  trigger  the 
action  of  several  secretagogues  but  also  plays  a  supportive  role  in  the 
stimulation  of  enzyme  secretion  caused  by  all  secretagogues  tested  to  date. 
Using  appropriately  radiolabeled  peptides  we  have  been  able  to  demonstrate  a 
class  of  membrane  receptors  which  interact  with  bombesin  and  litorin  and 
another  class  of  receptors  which  interact  with  physalaemin,  eledoisin  and 
substance  P. 

In  dispersed  parietal  cells  prepared  from  guinea  pig  stomach  we  have 
shown  that  certain  gastric  secretagogues  supress  oxidation  of  carbohydrates 
and  concomitantly  cause  a  marked  increase  in  the  oxidation  of  endogenous 
fatty  acids.   The  proximate  source  of  the  endogenous  fatty  acids  is  phospho- 
lipid. We  have  also  found  that  the  actions  of  various  agents  on  gastric  acid 

765 


secretion  correlates  with  their  ability  to  alter  the  cellular  uptake  of 
various  weak  organic  acids  and  bases. 

In  dispersed  epithelial  cells  prepared  from  guinea  pig  small  intestine 
we  have  demonstrated  receptors  which  interact  with  secretin  and  vasoactive 
intestinal  peptide  (VIP)  but  not  with  glucagon.   The  receptors  have  a  high 
affinity  for  VIP  and  a  low  affinity  for  secretin.   Occupation  of  the  receptor 
by  either  peptide  causes  a  significant  increase  in  cellular  cyclic  AMP. 

I 

Previously  we  have  found  that  the  H^-receptor  antagonist  cimetidine  is 

effective  therapy  for  patients  with  Zollinger-Ellison  syndrome.   In  those 
patients  in  whom  cimetidine  does  not  cause  sufficient  inhibition  of  gastric 
acid  secretion,  adding  relatively  small  doses  of  an  anticholinergic  agent 
will  usually  produce  satisfactory  inhibition  of  gastric  acid  secretion. 
Definitive  therapy  in  patients  with  Zollinger-Ellison  syndrome  is  chemotherapy 
or  surgical  resection  of  their  neoplasm.   We  have  initiated  a  study  of  the 
efficacy  of  combined  therapy  (streptozotocin,  5FU  and  adriamycin)  in  patients 
with  metastatic  gastrinoma. 

Patients  with  pancreatic  cholera  syndrome  (non-S  islet  cell  neoplasm 
plus  profuse  watery  diarrhea)  usually  respond  to  antineoplastic  chemotherapy 
with  streptozotocin.   In  those  patients  who  become  refractory  to  therapy  with 
streptozotocin,  corticosteroids  frequently  cause  a  substantial  reduction  in 
diarrhea.   We  have  recently  initiated  a  study  of  the  efficiency  of  combined 
antineoplastic  therapy  (streptozotocin,  5FU  and  adriamycin)  in  patients  with 
pancreatic  cholera  syndrome. 

Section  on  Diseases  of  the  Liver 
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"   The  Section  on  Diseases  of  the  Liver  is  currently  conducting  either  princi- 
pal studies. 

I.   Studies  of  Organic  Anions. 

These  studies  can  be  conveniently  considered  under  two  headings: 
(i)  the  transport  of  bile  salts  and  (ii)  the  transport  of  bilirubin  and 
organic  anion  dyes. 

(i)   Transport  of  Bile  Salts 

Increased  fasting  and  post-prandial  serum  concentrations  of  bile  acids 
are  a  sensitive  index  of  the  presence  of  subclinical  chronic  hepatocellular 
disease.   Both  fasting  and  post-prandial  serum  bile  acid  concentrations  and 
the  disappearance  rate  of  infused  cholyl-glycine  from  plasma  have  been  shown 
to  be  entirely  normal  in  subjects  with  all  three  subtypes  of  Gilbert's  syndrome. 
In  view  of  the  defect  in  hepatic  transport  of  unconjugated  bilirubin  in  all 
three,  of  sulf obromophthalein  (BSP)  in  two,  and  of  indocyanine  green  in  one 
of  the  subtypes,  these  observations  support  the  hypothesis  that  the  hepatic 
transport  of  bile  acids  occurs  over  pathways  that  are  distinct  from  those 
involved  in  the  transport  of  other  cholephilic  anions.   They  also  indicate 
that  the  finding  of  a  normal  serum  total  bile  acid  concentration  or  plasma 
bile  acid  disappearance  curve  in  a  patient  with  unconjugated  hyperbilirubinemia 
would  mitigate  strongly  against  the  need  for  a  liver  biopsy  to  rule  out  the 
presence  of  structural  liver  disease.   An  analysis  of  plasma  disappearance 
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curves  of  cholyl-glycine  in  normal  subjects  as  assessed  by  a  radioinimunoassay , 
which  was  reported  by  others,  resulted  in  values  for  the  initial  volume  of 
distribution  that  exceeded  that  of  total  body  water  and  values  for  net  extra- 
ction which  exceeded  hepatic  blood  flow.   These  findings  prompted  a  further 
study  of  the  disappearance  of  cholyl-glycine  from  plasma  in  normal  subjects 
in  which  measurements  of  cholyl-glycine  were  made  using  3-hydroxysteroid 
dehydrogenase.   This  study  indicated  that  the  rate  of  disappearance  of  unlabeled 
and   C-labeled  cholyl-glycine  from  plasma  was  the  same.   It  was  slower  than 
that  reported  by  radioimmunoassay  and  similar  to  that  of  the  more  extensively 
studied  cholephilic  anion  indocyanine  green.   To  investigate  whether  elevated 
fasting  and  post-prandial  serum  bile  salt  concentrations  in  patients  with 
chronic  liver  disease  might  be  due,  at  least  in  part,  to  abnormal  bile  salt 
transport,  uptake  of  taurocholate  by  hepatocytes  isolated  from  normal  rats 
and  rats  with  fibrosis  induced  by  carbon  tetrachloride  was  determined. 
Taurocholate  uptake  by  hepatocytes  from  rats  with  hepatic  fibrosis  was  noncom- 
petitively  inhibited,  raising  the  possibility  of  decreased  numbers  of  receptors 
for  bile  salts  on  these  cells. 

In  a  study  of  the  differential  effects  of  taurolithocholate  and  tauro- 
cholate on  protein  excretion  into  bile  in  rats,  it  has  been  shown  that  tauro- 
cholate induces  some  loss  of  surface  proteins  of  the  canalicular  membrane 
without  affecting  the  integrity  of  this  membrane.  In  contrast,  taurolithocholate 
induced  substantially  more  protein  excretion  and  this  was  associated  with 
loss  of  integral  canalicular  membrane  and  Golgi  components  into  bile.   These 
findings  may  be  related  to  th   observed  loss  of  canalicular  microvilli  and 
cholestasis  caused  by  taurolithocholate.   The  role  of  microfilaments  and 
microtubules  in  bile  salt  transport  has  also  been  studied  in  rats  by  assessing 
the  effects  of  cytochalasin  B,  a  microfilament  inhibitor,  and  colchicine,  a 
microtubule  inhibitor,  on  taurocholate  uptake  by  isolated  rat  hepatocytes. 
Cytochalasin  B  competitively  inhibited  taurocholate  uptake,  implying  either  . 
binding  of  cytochalasin  B  to  a  receptor  for  taurocholate  or  direct  participation 
of  microfilaments  in  taurocholate  uptake.   Colchicine  resulted  in  a  noncompeti- 
tive type  of  inhibition  of  taurocholate  uptake  suggesting  either  an  indirect 
or  no  role  of  microtubules  in  taurocholate  transport.   Thus,  microfilaments 
may  be  of  importance  in  active  transport  systems  of  the  hepatocyte  and  their 
functional  impairment  may  lead  to  cholestasis   by  inhibiting  bile  salt  transport. 
In  a  further  study  of  bile  salt  transport,  an  explanation  of  the  anion  gap  in 
rat  bile  was  sought.   Bile  salt-depleted  bile  was  found  to  increase  hepato- 
cellular bile  flow  in  a  dose-dependent  fashion  without  altering  the  permeability 
of  the  biliary  tree.   The  unidentified  choleretic  agent  was  heat  stable  and 
was  not  a  bile  salt.   This  finding  suggests  that  part  of  the  bile  salt  inde- 
pendent fraction  of  bile  may  be  dependent  on  the  excretion  of  currently 
undefined  anions. 

(ii)   Transport  of  Bilirubin  and  Organic  Anionic  Dyes 

To  obtain  new  insights  into  the  relationship  between  plasma  bilirubin 
turnover  and  hepatic  bilirubin  clearance,  studies  of  bilirubin  kinetics 
have  been  conducted  in  patients  with  hereditary  spherocytosis  before  and 
after  splenectomy.   In  patients  whose  pre-operative  bilirubin  clearance 
values  were  normal,  the  fall  in  bilirubin  production  occurring  after  splen- 
ectomy had  no  effect  on  hepatic  bilirubin  clearance,  whereas  in  patients 
whose  pre-operative  bilirubin  clearance  values  were  reduced  to  values  in  the 
range  found  in  Gilbert's  syndrome  there  was  a  marked  increase  in  hepatic 
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bilirubin  clearance  following  surgery.   These  findings  suggest  that  in  patient|^^ 
with  Gilbert's  syndrome  the  hepatic  bilirubin  transport  system  is  operating   ^^  ' 
at  a  level  close  to  saturation  and  that  bilirubin  loading  studies  may  represent 
a  useful  provacative  test  for  the  diagnosis  of  carriers  of  the  Gilbert's 
syndrome  gene  who  do  not  express  the  trait  at  basal  levels  of  bilirubin 
production. 

The  isolation  of  a  pure  preparation  of  biosynthetically  labeled  bilirubin^fc- 
conjugates  in  this  laboratory  has  enabled  kinetic  studies  of  the  hepatic      Wf 
metabolism  of  conjugated  bilirubin  to  be  carried  out  in  rats.   It  has  been 
shown  that  both  hepatic  uptake  and  net  hepatic  clearance  of  conjugated 
bilirubin  is  substantially  faster  than  that  of  the  unconjugated  pigment, 
presumably  due,  at  least  in  part,  to  the  ability  of  the  former  pigment  to 
bypass  the  conjugation  step.   In  addition,  the  hepatic  uptake  of  conjugated 
bilirubin,  like  that  of  the  unconjugated  pigment,  was  inhibited  by  other 
organic  anions,  such  as  BSP  and  indocyanine  green,  but  not  by  glycocholate, 
suggesting  that  uptake  is  not  mediated  by  simple  diffusion  but  by  a  more 
complex  mechanism  shared  with  unconjugated  bilirubin.   In  related  studies 
storage  of  conjugated  bilirubin  within  the  liver  cell  was  studied  by  analyzing 
labeled  bile  pigments  in  homogenat-es  of  rat  liver  made  after  the  intravenous 
administration  of  H-labeled  unconjugated  bilirubin.   The  data  indicate  that 
bilirubin  monoglucuronide  accumulates  preferentially  within  the  hepatocyte 
whereas  the  diglucuronide  was  preferentially  secreted  into  bile.   In  addition, 
unconjugated  and  conjugated  bilirubins  were  found  to  have  a  high  affinity  for 
glutathione-S-transf erases  such  as  ligandin.   Based  on  these  findings  it  is 
suggested  that  microsomal  monoconjugation  of  bilirubin  may  occur  while  it  is 
bound  to  a  glutathione-S-transf erase  and  that  the  biliary  excretion  of  bili- 
rubin may  involve  interaction  of  a  bilirubin  monoglucuronide  glutathione-S-    J^ 
transferase  complex  with  the  bile  canalicular  membrane  with  resultant  excretioi^ 
of  bilirubin  diglucuronide  directly  from  the  canalicular  pool  of  the  hepatocyte. 

To  assess  the  potential  role  of  membrane  carriers  in  the  hepatic  transport 
of  organic  anions  the  kinetics  of  binding  of  labeled  BSP  to  canalicular  and 
plasma  membrane  fractions  isolated  from  rat  hepatocytes  were  studied.   Saturable 
binding  of  BSP  to  both  membranes  was  sho\>m  and  this  binding  was  competitively 
inhibited  by  bilirubin  and  indocyanine  green  but  not  by  taurocholate.   This 
investigation  has  provided  further  support  of  the  hypothesis  that  organic 
anions  other  than  bile  salts  share  a  common  pathway  for  hepatic  uptake  and 
biliary  excretion  and  that  membrane  carrier  proteins  may  be  involved  in  these 
processes.   Subsequently,  an  attempt  has  been  made  to  isolate  potential 
carrier  proteins  from  sinusoidal  and  canalicular  enriched  liver  plasma  membrane 
fractions  using  affinity  chromatography.   From  sulf obromophthalein  affinity 
columns  3  binding  proteins  with  apparent  molecular  weights  of  4.0,  4.6  and 
6.0  X  10  were  eluted.   From  bilirubin  affinity  columns  a  single  binding 
protein  with  an  apparent  molecular  weight  of  6.0  x  10  was  eluted.   Thus,  one 
or  more  membrane  carrier  proteins  may  be  involved  in  the  transport  of  bilirubin 
and  organic  anion  dyes  (J  Reichen,  PD  Berk,  BL  Blitzer,  JG  Waggoner,  C  Klos , 
MD  Berman,  WB  Jakoby,  AW  Wolkof f ) . 

II.   (A)   Studies  of  Cellular  Immune  Function  in  Chronic  Hepatitis  and 
Primary  Biliary  Cirrhosis. 

The  role  of  abnormal  immune  mechanisms  in  the  pathogenesis  and  per- 
petuation of  the  hepatobiliary  lesions  in  chronic  hepatitis  and  primary 
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biliary  cirrhosis  (PBC)  is  being  studied.   Patients  selected  for  study  undergo 
a  comprehensive  evaluation  of  their  immunologic  status,  which  includes  tests 
of  the  functional  capacity  of  the  afferent  (antigen  processing)  and  efferent 
(cellular  and  humoral)  limbs  of  the  immune  response. 

Using  an  ^  vitro  assay  system  which  has  been  shown  to  be  both  sensitive 
and  reproducible,  the  cytotoxic  potential  of  lymphocytes  has  been  studied 
using  two  different  target  cells:   the  Chang  cell,  a  human  liver-derived 
cell,  and  the  EL-4  mouse  sarcoma  cell,  a  non-human  non-hepatic  cell.   In 
contrast  to  chronic  hepatitis,  spontaneous  cell-mediated  cytotoxicity  (SCMC) 
of  lymphocytes  was  shown  to  be  defective  against  both  target  cells  in  PBC. 
No  defect  in  mitogen- induced  cellular  cytotoxicity  (MlCC)  or  antibody-dependent 
cellular  cytotoxicity  (ADCC)  was  demonstrated  in  either  disease.   In  both 
diseases  SCMC  and  ADCC  were  shown  to  be  mediated  by  a  subpopulation  of  lympho- 
cytes which  lack  surface  immunoglobulin  and  bear  Fc  receptors  whereas  MICC 
was  mediated  by  lymphocytes  which  lack  both  surface  immunoglobulin  and  Fc 
receptors.   Thus,  a  difference  in  cytotoxic  function  in  PBC  and  chronic 
hepatitis  has  been  defined  in  that  the  former  but  not  the  latter  disease  is 
associated  with  a  defect  in  the  spontaneous  cytotoxic  function  of  Imphocytes 
which  lack  surface  immunoglobulin  but  bear  Fc  receptors. 

The  methods  employed  in  these  studies  have  enabled  the  cytotoxic  potential 
of  lymphocytes  bearing  complement  receptors  to  be  evaluated  in  vitro.   Starting 
with  peripheral  blood  mononuclear  cells  it  has  been  shown  that  depletion  of 
complement  receptor-bearing  cells  was  associated  with  enrichment  of  Fc  positive 
and  surface  immunoglobulin  negative  cells,  depletion  of  phagocytes  and  surface 
immunoglobulin  positive  cells  and  normal  or  enhanced  SCMC,  MICC  and  ADCC.   In 
contrast  depletion  of  Fc  positive  cells  was  associated  with  enrichment  of 
complement  receptor-bearing  cells  and  virtually  no  capacity  to  induce  SCMC  or 
ADCC.   These  experiments  indicate  that  at  least  the  majority  of  cells  which 
mediate  SCMC,  MICC  and  ADCC  do  not  bear  complement  receptors. 

In  view  of  the  anergy  and  striking  defect  in  lymphocyte  proliferative 
responses  in  patients  with  PBC,  the  possibility  exists  that  there  is  a  major 
defect  in  the  regulation  of  immune  function  in  this  disease.   Studies  relating 
to  this  possibility,  which  are  in  progress,  are  concerned  with  an  assessment 
of  whether  patients  with  PBC  exhibit  suppressor  or  helper  T  cell  function 
which  is  different  from  that  of  normal  control  subjects.   These  studies 
involve  assessing  the  effects  of  purified  T  cells  on  mitogen  stimulated  B 
cell  production  of  IgM  in  vitro.   (EA  Jones,  SP  James,  W  Strober  [NCI],  JM 
Vierling) . 

II.   B.   Studies  of  Reticuloendothelial  Function  in  Chronic  Liver  Diseases. 

Reticuloendothelial  function  in  patients  with  chronic  liver  diseases  and 

normal  subjects  has  been  assessed  by  measuring  the  clearance  of  tracer  and 

test  doses  of  microaggregated  albumin  from  the  plasma  and  the  clearance  of 

Cr-labeled  autologous  erythrocytes  sensitized  with  either  an  IgM  (isoagglutin- 

in)  or  IgG  (anti-Rh-D)  antibody.   IgM-sensitized  erythrocytes  become  rapidly 

coated  with  C3b  ±n   vivo  as  a  result  of  local  activation  of  the  classical 

complement  pathway  and  their  clearance  is  mediated  by  receptors  for  C3b  on 

Kupffer  cells  in  the  liver.   In  contrast,  the  clearance  of  IgG-sensitized 

erythrocytes  is  mediated  by  receptors  for  the  Fc  region  of  IgG  on  fixed 

macrophages  in  the  spleen.   Each  of  six.  patients  with  primary  biliary  cirrhosis 
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exhibited  an  unequivocal  defect  in  C3b-receptor  mediated  clearance  function    ^^^ 
of  Kupffer  cells,  whereas  this  function  was  entirely  normal  in  patients  with   ^V 
chronic  active  hepatitis  and  compensated  alcoholic  cirrhosis.   The  defect  in   ^ 
C3b-receptor  function  in  the  patients  with  primary  biliary  cirrhosis  was 
specific  since  the  clearance  of  IgG-sensitized   Cr-labeled  autologus  erythro- 
cytes from  the  circulation  of  the  same  patients  was  either  normal  or  acceler- 
ated.  Using  a  model  of  the  C3b-receptor  mediated  clearance  process,  compart- 
mental  analysis  of  the  experimental  data  indicated  that  the  defect  in  C3b- 
receptor  mediated  clearance  in  primary  biliary  cirrhosis  could  be  explained    ^^ 
solely  on  the  basis  of  a  decreased  rate  of  deposition  of  C3b  coated  cells     ^f^ 
onto  Kupffer  cell  receptors.   One  possible  explanation  for  this  finding  would 
be  that  the  availability  of  these  receptors  is  decreased  in  primary  biliary 
cirrhosis.   This  could  occur  if  a  large  proportion  of  them  are  occupied  by 
either  excess  free  C3b  or  immune  complexes  containing  C3b.   (EA  Jones,  SP 
James,  JM  Vierling,  M  Hamburger  [NIAID] ,  MM  Frank  [NIAID]). 

III.   Studies  of  the  Properties  of  Desialylated  Human  Lymphocytes 

Previous  studies  have  shown  that  desialylated,  but  not  intact,  lymphocytes 
are  preferentially  cleared  from  the  circulation  by  the  liver  and  undergo 
mitogenesis  when  exposed  to  the  hepatic  binding  protein  which  specifically 
binds  desialylated  glycoproteins.   Both  of  these  phenomena  have  been  the 
subject  of  further  investigation. 

On  exposure  to  purified  hepatic  binding  protein  desialylated,  but  not 
intact,  Ijmiphocytes  exhibited  mitogen-induced  cellular  cytotoxicity  against 
Chang  target  cells,  which  do  not  have  exposed  hepatic  binding  protein  on 
their  surface  membrane.   The  magnitude  of  this  effect  was  as  great  as  that     ^^ 
produced  by  the  powerful  lectin  phytohemagglutinin.   In  addition,  desialylated  ^B 
lymphocytes,  in  the  absence  of  purified  hepatic  binding  protein,  reduced  the 
proportion  of  isolated  rabbit  hepatocytes  that  adhered  to  plastic  to  a  signi- 
ficantly greater  extent  than  did  intact  lymphocytes,  suggesting  that  the 
exposed  hepatic  binding  protein,  which  had  been  demonstrated  on  the  surface 
membrane  of  these  target  cells,  is  capable  of  mediating  mitogen-induced 
cellular  cytotoxicity.   The  specific  inhibition  of  this  effect  by  a  desialylated 
glycoprotein,  but  not  by  the  corresponding  native  glycoprotein,  suggestes 
that  the  site  involved  in  the  binding  of  desialylated  glycoproteins  to  hepatic 
binding  protein  is  probably  also  responsible  for  the  mediation  of  mitogen- 
induced  cellular  cytotoxicity.   These  findings  indicate  that  a  small  change 
in  the  structure  of  the  carbohydrate  moiety  of  glycoproteins  on  the  surface 
membrane  of  l>Tnphocytes  may  result  in  these  cells  specifically  recognizing 
normal  constituents  of  the  cell  membranes  of  other  cells  and  that  such  recogni- 
tion phenomena  could  result  in  cellular  injury  in  vivo. 

As  a  sequel  to  this  study,  the  possibility  that  infused  desialylated 
lymphocytes,  after  their  preferential  sequestration  by  the  liver,  might 
induce  hepatocellular  injury  through  their  specific  interaction  with  hepatic 
binding  protein  was  investigated.   After  rapid  intravenous  injections  of       A 
autologous  radiolabeled  desialylated  lymphocytes  into  rabbits  neither  serial   ^^ 
values  for  serum  transaminases  nor  hepatic  histology  indicated  the  induction 
of  hepatocellular  injury.   This  negative  finding  suggested  that  the  hepatic 
sequestration  of  desialylated  lymphocytes  might  occur  by  a  mechanism  independent 
of  their  interaction  with  hepatic  binding  protein.   Such  a  mechanism  could 
involve  the  binding  to  these  cells  of  a  natural  antibody  which  specifically 
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recognizes  antigens  on  the  surface  of  lymphocytes  exposed  by  desialylation. 
Depletion  of  complement  with  cobra  venon  factor  had  no  effect  on  the  hepatic 
sequestration  of  desialylated  l>Tnphocytes ,  but  the  prior  incubation  of  these 
cells  with  IgG  Fab  fragments  reduced  their  hepatic  sequestration  to  values 
similar  to  those  observed  with  intact  lymphocytes.   These  findings  suggest 
that  the  preferential  hepatic  localization  of  desialylated  lymphocytes  may  be 
due  to  their  binding  to  Fc  receptors  on  nonparenchymal  cells,   (EA  Jones,  CJ 
Steet,  SP  James,  JT-I  Vierling)  . 

IV.   The  Use  of  Artificial  Hepatic  Support  Devices  for  the  Treatment  of 
Fulminant  Hepatic  Failure 

An  animal  model  of  acute  hepatic  failure  has  been  developed  with  a  view 
to  testing  the  effectiveness  of  hemoperfusion  through  columns  containing  a 
variety  of  resins  and  types  of  activated  carbon  as  a  means  of  providing 
temporary  hepatic  support.   The  model  was  induced  as  an  inbred  strain  of 
rabbits  by  administering  intravenously  a  precise  dose  of  the  selective 
hepatotoxin  galactosamine-HCl .   The  model  induced  has  the  advantages  of  being 
(i)  non-hazardous  to  personnel,  (ii)  appreciably  reproducible  (iii)  potentially 
reversible  and  (iv)  similar  to  human  fulminant  hepatic  failure  in  many  of  its 
clinical,  electroencephalographic,  serum  biochemical  and  hepatic  histologic 
features . 

Toxins  of  importance  in  the  pathogenesis  of  the  coma  of  acute  liver 
failure  have  not  been  definitively  identfied.   Ammonia,  short  chain  fatty 
acids,  certain  amino  acids  and  some  neurotransmitters  may  play  a  contributory 
or  even  synergistic  role.   The  ability  of  columns  containing  different  resins 
and  carbons  to  remove  substances  from  plasma  which  are  present  in  increased 
concentration  in  fulminant  hepatic  failure  has  been  assessed.   For  these 
studies  a  representative  series  of  substances  which  might  contribute  to 
hepatic  encephalopathy  were  added  to  normal  human  plasma  to  simulate  the 
concentrations  typically  found  in  fulminant  hepatic  failure.   Clearance  of 
each  of  these  substances  across  columns  was  measured  using  radiolabeled 
tracers  in  a  simple  continuous  flow  system.   To  date  the  properties  of  Witco 
activated  carbon  (14-18  mesh)  and  an  uncoated  spherical  carbon,  BAG  (grade 
MU-L) ,  have  been  most  extensively  assessed.   Correlations  between  the  ability 
of  specific  columns  to  remove  particular  substances  or  classes  of  substances 
and  the  effects  of  column  hemoperfusion  on  the  model  of  fulminant  hepatic 
failure  may  provide  new  insights  into  the  pathogenesis  of  hepatic  coma. 

The  constituents  of  certain  columns,  e.g.  activated  carbon,  pose  problems 
of  biocompatability  in  that  hemoperfusion  results  in  destruction  or  removal 
of  the  formed  elements  of  the  blood.   To  overcome  this  problem  a  hemoperfusion 
circuit  has  been  devised  in  which  the  blood  is  dialyzed.   The  dialysate  is 
passed  over  the  column  and  them  reconstituted  with  the  formed  elements  of  the 
blood  prior  to  their  return  to  the  rabbit.   The  design  of  this  circuit  has 
involved  the  evaluation  of  the  most  appropriate  dialysis  membrane  in  terms  of 
composition,  pore  size,  porosity  and  surface  area,  while  minimizing  the 
amount  of  blood  in  the  extracorporeal  circuit.   Normal  rabbits  have  been 
included  in  this  circuit  for  periods  up  to  4  hours  without  any  apparent  ill 
effect.   Columns  containing  powdered  activated  carbon  in  hydroxyethylcellulose 
fibers  are  currently  being  evaluated.   These  columns  appear  to  have  the 
distinct  advantage  of  being  almost  free  of  any  biocompatibility  problem.   (EA 
Jones,  ML  Zeneroli-Baraldi,  JG  Waggoner,  DF  Schafer,  BL  Blitzer,  T  Kolobow 
[NHLI]).  ■^■^l 
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V.   Metabolism  of  Radio iodinated.  Alpha- 1-antitrypsin  and  Desialylated 
Alpha- 1-anti trypsin 

Homozygous  alpha-1-antitrypsin  (a  -AT)  deficiency  (phenotype  PiZZ)  may 
be  associated  with  cholestasis  in  the  neonatal  period,  cirrhosis,  liver  cell 
carcinoma  and  emphysema.   In  this  condition  hepatocytes  have  been  shown  to 
contain  globules  of  a  -AT-like  material  devoid  of  sialic  acid,  and  the 
a  -AT  in  plasma,  which  is  present  in  abnormally  low  concentration,  has  also    ^ 
been  shown  to  have  a  reduced  content  of  sialic  acid.   The  aim  of  these  studies^ 
is  to  investigate  a  -AT  metabolism  in  normal  subjects  and  patients  with  a  - 
AT  deficiency  and,  in  particular,  to  examine  the  relationship  between  the 
molecular  structure  of  a  -AT  and  the  rate  of  catabolism  of  this  protein. 
Using  normal  plasma  from  individuals  of  phenotype  PiMM,  immunochemically  pure 
M  a  -AT  has  been  isolated  and  shown  to  have  retained  its  characteristic 
microheterogeneity  when  subjected  to  acid  starch  gel  electrophoresis  and  its 
ability  to  inhibit  trypsin.   This  material  after  trace-labeling  with  radioiodine 
has  been  used  to  study  the  turnover  of  a  -AT  in  normal  (phenotype  PiMM) 
volunteers.  The  serum  concentration  of  a  -AT  was  shown  to  vary  independently 
of  its  fractional  catabolic  rate  suggesting  that  a  constant  volume  of  plasma 
is  cleared  of  a  -AT  per  unit  time.   Analysis  of  the  turnover  data  indicated 
that  3  AT  is  catabolized  in,  or  in  close  relationship  to,  the  intravascular 
compartment.   Analogous  studies  in  normal  volunteers  have  also  been  performed 
after  desialylating  a  -AT  with  neuraminidase.   The  desialylated  protein  was 
shown  to  be  removed  from  plasma  approximately  150  times  faster  than  the 
intact  protein.   Its  rapid  disappearance  from  plasma  was  associated  with  an 
equally  rapid  uptake  of  the  radioiodine  label  by  the  liver.   This  finding 
emphasizes  that  the  catabolism  of  a  -AT  can  be  influenced  by  the  molecular 
structure  of  its  carbohydrate  moiety  and  is  consistent  with  the  existence  of 
hepatic  receptors  for  desialylated  glycoproteins  in  the  human  liver. 
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As  desialylated  glycoproteins,  after  their  hepatic  uptake,  appear  to 
undergo  proteolysis  in  lysosomes  of  hepatocytes,  hepatic  radioactivity  time 
curves  measured  using  a  scintillation  probe  after  the  intravenous  injection 
of    I-labeled  desialylated  a  -AT  may  reveal  defects  in  the  function  of 
hepatic  lysosomes  in  patients  with  diseases  specifically  affecting  these 
organelles.   Studies  to  test  this  hypothesis  are  planned.   The  administration 
of  labeled  intact  and  desialylated  (PiMM)  a  -At  to  patients  with  a  -AT  defi- 
ciency (phenotype  PiZZ)  and  the  administration  of  labeled  a  -AT  isolated 
from  patients  with  a  -AT  deficiency  to  both  normal  subjects  and  patients  with 
a  -AT  deficiency  will  enable  the  contribution  of  decreased  hepatic  release  of 
a  -AT  and  increased  hepatic  uptake  of  a  -AT  to  the  low  serum  concentration  of 
a  -AT  in  a  -AT  deficiency  to  be  assessed.   Whether  a  -AT  that  is  biosyntheti- 
cally  deficient  in  sialic  acid  behaves  differently  from  that  which  is  deficient 
in  sialic  acid  as  a  result  of  neuraminidase  treatment  will  also  be  determined 
by  these  studies.   Pure  undenatured  Z  a  -AT  has  been  isolated  from  the  plasma 
of  individuals  with  the  PiZZ  phenotype  for  use  in  the  planned  turnover  studies 
(EA  Jones,  J  Vergalla,  CJ  Steer,  SP  James,  PR  Bradley-Moore  [CC]). 

VI.   Studies  of  Copper  Metabolism  in  Man  Using   Cu  and   Cu 

Accumulation  of  copper  in  the  liver  may  contribute  to  hepatic  injury. 
To  study  the  nature  of  the  abnormalities  of  copper  metabolism  in  hepatic 
copper  overload  states  such  as  Wilson's  disease  and  primary  biliary  cirrhosis, 
the  fate  of  simultaneously  administered   Cu  and   Cu  has  been  determined  in 
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patients  with  these  diseases  and  normal  subjects.   One  of  the  isotopes  was 
given  orally  and  the  other  intravenously.   Serial  measurements  were  made  of 
radioactivity  due  to  both  isotopes  in  the  whole  body,  blood,  urine,  feces 
and,  using  an  external  probe,  the  liver.   Data  obtained  from  blood  comprise 
separate  determinations  of  radioactivity  in  red  cells,  ceruloplasmin  and 
ceruloplasrain-free  plasma.   Analysis  of  experimental  data,  which  has  involved 
the  use  of  a  computer  to  fit,  deconvolute  and  integrate  plasma  inorganic  and 
ceruloplasmin-bound  radiocopper  curves  indicate  that  (i)  a  pool  of  noncerulo- 
plasmin-bound  copper  which  rapidly  exchanges  with  plasma  nonceruloplasmin- 
bound  copper  exists  in  control  subjects  but  is  either  saturated  or  absent  in 
patients  with  PBC,  (ii)  about  50%  of  orally  administered  radiocopper  is 
absorbed  in  both  normal  subjects  and  patients  with  PBC,  (iii)  in  the  presence 
of  a  positive  copper  balance  in  PBC,  the  degree  of  intestinal  absorption  and 
hepatic  extraction  of  orally-administered  radiocopper  is  inappropriate,  (iv) 
a  major  defect  in  copper  metabolism  in  PBC  is  decreased  biliary  excretion  of 
copper,  (v)  there  is  a  decreased  fractional  rate  of  uptake  of  copper  by  the 
liver  in  Wilson's  disease  which  is  not  attributable  solely  to  an  increased 
hepatic  copper  concentration,  (vi)  the  incorporation  of  radiocopper  into 
ceruloplasmin  can  be  used  to  differentiate  between  two  hepatic  copper  overload 
states,  Wilson's  disease  and  PBC,  (vii)  incorporation  of    Cu  into  ceruloplasmin 
is  almost  linear  between  2  and  7  days  after  its  administration  to  both 
normal  subjects  and  patients  with  PBC  suggesting  rapid  equilibration  of   Cu 
with  a  large  hepatic  storage  pool  of  copper  which  has  a  slow  turnover  rate 
and  a  loss  pathway  with  a  small  fractional  transfer  rate  to  the  precursor 
pool  of  copper  for  ceruloplasmin  synthesis,  and  finally  (viii)  the  data 
indicated  the  existence  of  a  rapid  pathway  for  the  incorporation  of  radiocopper 
into  ceruloplasmin  which  bypasses  the  hepatic  storage  pool,  and  that  there  is 
a  major  defect  in  this  rapid  pathway  in  PBC.   (EA  Jones,  MD  Berman,  JM  Vierling, 
R  Shrager  [CR] ,  WF  Rumble  [CC]  ,  R  Aamodt  [CC]). 

VII.   Synthesis  and  Binding  of  Collagen  by  Hepatocytes  in  Chronic  Liver 
Disease 

The  interaction  between  hepatocytes  and  collagen  may  be  of  importance  in 
the  pathogenesis  of  chronic  hepatocellular  diseases.   The  adherence  of  each 
of  the  five  types  of  collagen  to  hepatocytes  isolated  from  normal  rats  and 
rats  with  carbon  tetrachloride-induced  hepatic  fibrosis  has  been  studied. 
Attachment  of  hepatocytes  from  normal  rats  was  enhanced  four-fold  by  the 
presence  of  either  serum  or  fibronectin,  the  glycoprotein  required  for 
fibroblast  attachment  to  collagen.   In  the  absence  of  serum  or  fibronectin, 
hepatocytes  adhered  best  to  basement  membrane  collagen  (type  IV).   This 
phenomenon  was  abolished  by  sodium  periodate  oxidation  of  collagen,  suggesting 
that  hepatocytes  were  attaching  to  collagen  by  recognizing  a  specific  carbo- 
hydrate residue.   Hepatocytes  isolated  from  rats  with  hepatic  fibrosis  bound 
less  avidly  to  collagen  than  those  from  normal  rats.   Immunof luorescent 
staining  of  cells  with  monospecific  antibodies  for  procollagens   I,  III  and 
IV  and  measurements  of  the  incorporation  of  H-proline  into  newly  synthesized 
protein  including  collagen  suggested  that  neither  hepatocytes  from  normal 
rats  nor  those  from  rats  with  hepatic  fibrosis  synthesized  collagen  in  vitro. 
These  studies  indicate  a  defect  in  the  interaction  of  hepatocytes  with  collagen 
in  an  animal  model  of  chronic  liver  disease.   (MD  Berman,  JG  Waggoner,  HK 
Kleinman  (NIDR) ,  JM  Foidart  (NIDR) . 
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VIII.   Studies  of  the  Distribution  of  Receptors  for  Modified  Glycoprotein^fcf 
on  Parenchymal  and  Non-parenchymal  Hepatic  Cells.  ^f 

Previous  studies  have  demonstrated  the  existence  of  a  mammalian  hepatic 
binding  protein  which  specifically  recognizes  the  exposed  galactosyl  residues 
of  asialo-derivatives  of  glycoproteins  and  mediates  their  rapid  clearance 
from  the  circulation  by  the  liver.   To  determine  the  cellular  localization  of 
hepatic  binding  protein  and  other  receptors  for  modified  glycoproteins,        ^^ 
hepatocytes  and  non-parenchymal  cells  were  isolated  from  rat  liver  by  enzymati(HP 
and  density  gradient  techniques.   The  binding  of    I-labeled  asialo-orosomucoi^, 
agalacto-orosomuoid  and  ahexosamino-orosomucoid  was  studied.   The  terminal 
exposed  sugars  on  these  three  modified  glycoproteins  are  galactose,  N-acetyl- 
glucosamine  and  mannose,  respectively.   Hepatocytes  bound  appreciable  amounts 
of  asialo-orosomuoid  but  relatively  less  agalacto-orosomucoid  or  ahexosamino- 
orosomuoid.   In  contrast,  non-parenchymal  cells  bound  no  asialo-orosomucoid 
but  appreciable  amounts  of  agalacto-orosomucoid  and  ahexosamino-orosomucoid. 
Carrier  dilution  studies  indicated  that  receptors  for  galactose  terminated 
glycoproteins  were  distinct  from  those  for  N-acetylglucosamine  and  mannose 
terminated  glycoproteins.   To  determine  the  potential  clinical  implications 
of  the  existence  of  these  receptors  the  effects  of  modifying  the  carbohydrate 
moiety  of  the  glycoprotein  enzyme  deficient  in  Gaucher 's  disease  on  its 
uptake  by  hepatocytes  and  non-parenchymal  cells  was  assessed.   Glucocerebrosidase 
activity  was  assayed  in  detergent  buffer  extracts  of  sonicated  cells.   It  was 
shown  that  the  carbohydrate  moiety  of  glucocerebrosidase  could  be  modified 
without  loss  of  its  enzyme  activity.   Exposure  of  galactose  residues  resulted 
in  the  preferential  uptake  of  glucocerebrosidase  by  hepatocytes.   In  contrast, 
exposure  of  N-acetylglucosamine  or  mannose  residues  markedly  augmented  the 
uptake  of  glucocerebrosidase  by  non-parenchymal  cells.   These  studies  indicate^ 
that  both  parenchymal  and  non-parenchymal  hepatic  cells  possess  receptors  for  ^ 
modified  glycoproteins,  although  non-parenchymal  cells  lack  a  receptor  for 
galactosyl-terminated  glycoproteins.   They  also  suggest  that  the  ability  to 
manipulate  the  cellular  distribution  of  an  infused  enzyme  by  modifying  its 
carbohydrate  moiety  may  be  of  importance  in  enzyme  replacement  therapy  (EA 
Jones,  CJ  Steer,  FS  Furbish  [NINCDS] ,  JW  Hickman,  JA  Barranger  (NINCDS] ,  RO 
Brady  [NINCDS]). 
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ANNUAL  REPORT  SUMMARY 
DIGESTIVE  DISEASES  BRANCH 

Phoenix  Clinical  Research  Section 

This  Section  conducts  clinical  research  studies  relating  to  gallbladder 
disease  and  diabetes  in  the  American  Indian  populations  of  the  Southwest. 
The  investigations  conducted  during  the  past  year  can  be  conveniently 
classified  under  the  headings  of  biliary  lipid  metabolism,  serum  lipids 
and  lipoproteins  and  diabetes  related  studies. 

Biliary  Lipid  Metabolism 

Studies  have  continued  to  elucidate  the  reasons  and  mechanisms  for  the 
high  prevalence  of  gallbladder  disease  amongst  American  Indian  females. 
Several  studies  have  investigated  the  effects  of  estrogen  on  biliary 
lipid  composition  and  cholesterol  secretion.  Detailed  analysis  of 
biliary  lipid  studies  and  bile  acid  pool  determinations  have  shown  that 
American  Indian  females  have,  in  addition  to  high  degrees  of  cholesterol 
saturation,  diminished  bile  acid  pool  sizes  which  are  primarily  the 
result  of  a  dimunition  in  the  chenodeoxychol ic  acid  pool  size.  Obser- 
vations prior  and  after  oophorectomy  indicated  that  cholesterol  satura- 
tion diminished  and  the  chenodeoxychol ic  acid  pool  size  increased 
following  castration.  The  effects  of  exogenous  estrogen  in  women  on  and 
off  oral  contraceptives  have  shown  that  taking  oral  contraceptives  is 
associated  with  an  increase  in  biliary  cholesterol  secretion.  This 
increase  in  the  hepatic  secretion  of  cholesterol  presumably  accounts  for 
the  increased  lithogenicity  of  fasting  gallbladder  bile  in  women  receiving 
oral  contraceptives  previously  described  from  this  laboratory. 

To  determine  whether  lithogenic  bile  is  a  congenital  or  an  acquired  defect 
in  the  American  Indian,  the  lithogenicity  of  fasting  bile  and  bile  acid 
pool  sizes  have  been  determined  in  male  and  female  Indians  prior  to  and 
during  puberty  and  in  young  adults.  These  studies  have  confirmed  that 
the  bile  of  young  Indian  females  is  more  lithogenic  than  that  of  Indian 
males  and  that  lithogenicity  increases  in  both  sexes  during  puberty.   In 
Indian  females,  however,  there  appears  to  be  no  expansion  of  the  bile  acid 
pool  size  during  this  period.  This  failure  to  expand  bile  acid  pool  size 
during  growth  and  development  in  the  Indian  females  probably  accounts  for 
the  high  frequency  of  lithogenic  bile  in  young  adult  American  Indian 
females. 

Serum  Lipids  and  Lipoproteins 

Investigations  to  determine  the  reasons  for  the  low  frequency  of  coronary 
heart  disease  in  American  Indian  diabetics  and  non-diabetics  have  been 
continued.  Investigations  of  the  lipoprotein  fractions  have  been  extended 
in  conjunction  with  the  Southwestern  Field  Studies  Section.  These  studies 
have  indicated  that  the  ratios  HDL/LDL  are  greater  in  American  Indians 
than  in  Caucasians.   Indians  with  evidence  of  coronary  heart  disease  appear 
to  have  reduced  HDL  cholesterol  levels  and  HDL  cholesterol  levels  are  also 
diminished  in  diabetics  compared  to  age,  sex,  matched  Indian,  non-diabetic 
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subjects.  Intervention  studies  have  shown  that  weight  loss  and  calorie 
restriction  is  associated  with  a  reduction  in  total  serum  cholesterol 
and  that  this  reduction  is  primarily  the  result  of  a  reduction  in  the 
LDL  fraction,  whereas  the  HDL  fraction  remains  constant. 

Previous  investigations  have  shown  that  the  synthetic  rate  of  LDL 
apoprotein  is  reduced  in  Southwestern  American  Indians  compared  to      ^ 
Caucasians.  Additional  studies  to  determine  the  reasons  for  this  reduced^ 
synthetic  rate  and  the  lower  LDL  cholesterol  levels  in  the  Indians  have 
focused  on  VLDL  metabolism.  To  the  present  time  studies  of  the  incor- 
poration of  glycerol  into  triglyceride  and  VLDL  have  been  conducted  and 
further  studies  using  double  labelling  techniques  to  investigate  the 
turnover  of  VLDL  and  LDL  simultaneously,  are  planned. 

Diabetes 


Investigations  to  determine  the  mechanisms  of  remission  in  diabetes 
induced  by  carbohydrate  and  calorie  restriction  have  been  continued. 
Evidence  that  the  recent  onset  diabetic  has  a  glucose-specific  beta  cell 
sensing  defect,  while  retaining  responsiveness  to  other  insulin  secreto- 
gues  has  been  obtained.  Furthermore,  following  the  induction  of  a 
remission  in  fasting  hyperglycemia,  hyperinsul inemia  in  response  to  an 
orally  administered  glucose  load  is  seen,  whereas  the  clearance  of 
intravenously  administered  glucose  is  still  much  reduced  compared  to 
that  of  control  subjects.  These  findings  strongly  suggest  that  peri- 
pheral resistance  to  insulin  precedes  the  failure  of  the  beta  cell  to 
repond  to  glucose  stimulation.  d^ 

Evidence  has  been  obtained  that  American  Indians  with  recent  onset 
diabetes  retain  sensitivity  to  the  antil ipolytic  effects  of  insulin  at 
the  same  time  as  glucose  disposal  in  the  periphery  is  severely  impaired. 
The  retention  of  sensitivity  to  the  antil ipolytic  effects  of  insulin  may 
be  responsible  for  the  maintenance  and  progression  of  obesity  in  the  face 
of  impaired  glucose  tolerance  in  the  mild  maturity-onset  diabetic. 

Studies  using  isolated  cells  to  elucidate  the  disorders  underlying  the 
peripheral  resistance  to  the  actions  of  insulin  have  been  initiated. 
Isolated  monocytes  have  failed  to  reveal  a  diminished  insulin  receptor 
concentrations  even  in  the  face  of  hyperinsul inemia  in  the  Pima  Indians. 
To  investigate  this  phenomenon  further  we  have  performed  insulin  binding 
studies  in  fibroblast  cultures  to  determine  the  ability  of  insulin  to 
down-regulate  insulin  receptors  in  American  Indian  fibroblasts  compared 
with  that  in  Caucasian  fibroblasts.  The  growth  characteristics  of  Pima 
Indian  diabetic  and  normal  fibroblasts  have  also  been  compared  to  those 
of  Caucasian  controls.  Both  Pima  diabetic  and  non-diabetic  fibroblasts 
have  reduced  growth  characteristics  compared  to  Caucasian  controls. 
Both  Pima  diabetic  and  non-diabetic  fibroblasts  have  reduced  growth 
characteristics  compared  to  Caucasian  controls.  These  studies  both 
represent  important  contributions  to  the  understanding  of  the  conditions 
in  which  the  effects  of  insulin  on  glucose  incorporation  and  metabolism 
can  be  studied  in  isolated  cells. 
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In  dispersed  acinar  cells  from  guinea  pig  pancreas,  VIP  and  secretin 
interact  with  a  common  membrane  receptor,  activate  adenylate  cyclase  and 
increase  cellular  cyclic  AMP.   In  these  same  cells  cholecystokinin  and 
cholinergic  agents  cause  release  of  membrane-bound  clacium,  increased 
cellular  cyclic  GMP  and  stimulation  of  amylase  secretion. 

In  patients  with  Zollinger-Ellison  syndrome  the  histamine  H^-blocking  ^F 
agent,  Cimetidine,  will  abolish  gastric  acid  secretion  and,  as  a^result,  is  ^' 
a  therapeutic  alternative  to  total  gastrectomy. 
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mechanisms  of  interactions  among  secretagogues .   Gastroenterology  73:348-354, 
1978. 

McCarthy,  D.  M. :  Report  on  the  U.S.  Experience  with  Cimetidine  in 
Zollinger-Ellison  Svndrome  and  other  hypersecretory  states.   Gastroenterology 
74:453-458,  1978. 

Gardner,  J.  D. :   Receptors  and  gastrointestinal  hormones.   In:   Gastrointestinal 

Disease,  M.  H.  Sleisenger  and  J.  S.  Fordtran.   Edited  by  W.  B.  Saunders 

and  Co.  Philadelphia,  Penn.   (In  Press).  A 

Gardner,  J.  D. :   Receptors  for  gastrointestinal  hormones.   Gastroenterology 
(In  Press) . 


779 


I 


ZOl  AM  53002-05  DDB 

Gardner,  J.  D. :   Biochemical  basis  of  action  of  gastrointestinal  hormones. 
World  Journal  of  Surgery.   (In  Press). 

Bodanszky,  M. ,  Martinez,  J.,  Priestley,  G.  P.,  Gardner,  J.  D.  and  Mutt,  V.: 
Cholecystokinin  (pancreozymin) .   IV  Synthesis  and  properties  of  a  biologically 
active  analogue  of  the  C-terminal  7-peptide  with  £-hydroxynor-lucine  sulfate 
replacine  tyrosine  sulfate.   J.  Med.  Chera.   (In  Press) . 

Bodanszky,  M. ,  Natarajan,  S.,  Gardner,  J.  D. ,  Makhlouf,  G.  and  Said,  S.  I.: 
Synthesis  and  some  pharmacological  properties  of  the  23-peptide  15-lysine- 
secretin  5-27:   Special  role  of  the  residue  in  position  15  in  biological 
activity  of  VIP.   J.  Med,  Chem.   (In  Press). 


780 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANG 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl   AM   53003-04   DL  3 


PERIOD    COVERED 

October  1,  1977  to  Sept.  30,  197J 


<t 


TITLE  OF  PROJECT  (80  characters  or  less) 

Gastric  Emptying 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


Chief,  Section  on  Gastroenterology  DDB  NIAMDD 
Guest  Worker  DDB  NIAMDD 


0 


PI: 

J. 

D.  Gardner 

OTHER: 

A. 

Dubois 

M. 

Berman 

Chief,  Lab,  of  Theoretical  Biology  LTB  NCI 


COOPERATING  UNITS 


IT  anyj 


GI  Clinic,  National  Naval  Medical  Center 
Laboratory  of  Theoretical  Biology,  NCI 


lab/branch 
Digestive  Diseases  Branch 


• 


SECTION 

Section  on  Gastroenterology 


INSjUJ,UIE_ANO. 


;   AND    LQCATLON 

D,  NlH,  Bethesda,  Maryland   20014 


TOTAL  MANYEARS: 

.6 


PROFESSIONAL: 


OTHER: 


CHECK  APPROPRIATE  BOX(ES) 

D  (a)   HUMAN  SUBJECTS 

□  (a1  )  MINORS   □  (ai)  INTERVIEWS 


(b)  HUMAN  TISSUES 


n  (=)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Although  Dr.  Dubois  remains  a  guest  worker  in  the  Section  on  Gastro- 
enterology this  project  was  discontinued  Oct.  1,  1977. 


1 


781 


PHS-6040 
(Rev.  10-76) 


SMITHGGMIAfJ    SCUIjCE    inFORMATION    EXCHANGE 
PROJECT   NUMBER    (Do   NOT    use    this    ssace) 

U.S.    DEPARTMENT    OF 
HEALTH,    EDUCATION,    AMD   WELFARE 
PUBLIC    HEALTH    CERVICE 
NOTICE   OF 
INTRAMURAL   RESEARCH    PROJECT 

PROJECT   NUMBER 

ZOl  AM   53004-06     DDB 

PERIOD    COVERED 

October   1,    1977    to   Sept.    30,    1978 

TITLE   OF    PROJECT    ( 

80    characters    or    less) 

Cyclic   Nucleotide  Mediated   Functions 

NAMES,    LABORATORY    AND    INSTITUTE   AFF ILI ATI  CMS,    AND   TITLES   OF    PRINCIPAL    INVESTIGATORS   AND   ALL   OTHER 
PROFESSIONAL   PERSONNEL   ENGAGED   ON    THE   PROJECT 

PI:                 J. 

D.    Gardner     Chief,    Section   on  Gastroenterology               DDB   NIAMDD 

OTHER:          M. 

Jackson            Guest  Worker                                                                  DDB  NIAMDD 

S, 

Batzri               Visiting  Associate                                                    DDB  NIAMDD 

S. 

R.    Peikin        Clinical  Associate                                                    DDB   NIAMDD 

R. 

N.    Lopatin     Clinical  Associate                                                   DDB  NIAMDD 

R. 

T.    Jensen        Guest  Worker                                                                  DDB   NIAMDD 

B. 

Tai                      Guest  Worker                                                                 DDB  NIAMDD 

P. 

Hvman                 Clinical   Associate                                                    DDB   NIAMDD 

C. 

Costenbader  Technician                                                                      DDB  NIAMDD 

P. 

C.    Lee               Guest   Worker                                                                  DDB   NIAMDD 

L. 

Korman               Clinical  Associate                                                    DDB  NIAMDD 

COOPERATING    UNITS 

(if    any) 

lab/bramch 
Digestive  Diseases  Branch 

^^fe^^^tion  on  Gastroenterology 

INSTITUTE    AND    LOCATION 

NIAMDD,    NIH,    Bethesda,   Maryland      20014 

TOTAL   MANYEARS: 

4. 

0 

PROFESSIONAL: 

2.0 

OTHER: 

2.0 

CHECK   APPROPRIATE 

BOX(ES) 

C   (a)      HUMAN    SUBJECTS                                    □   (b)    HUMAN    TISSUES                                   [J   (c)    NEITHER 

□   (al )    MINORS       n 

(a2)    INTERVIEWS                                                                                                                                                                               | 

SUMMARY    OF    «(ORK    (200    words    or    less   -    underline    keywords) 

In  vitro    systems   are   being  used    to   characterize    the  mechanism  by 

which   cvclic 

nucleotides   alter   cell   function   and    to   explore    the  mechanism 

of   action   of 

agents   whose   effect   on   cell    function    is  mediated   by   cellular 

accumulation 

of   cyclic   nucleotides. 

782 

PH3-6040 
(Rev.    10-76) 


ZOl  AM  53004-06  DDB 

Publications 

Waldman,  D.  B.,  Gardner,  J.  D. ,  Zfass,  A.  M. ,  and  Makhlouf ,  G.  M. :  Effects 
of  vasoactive  intestinal  peptide  (VIP) ,  secretin  and  related  peptides  on 
colonic  transport  and  adenylate  cyclase  activity.   Gastroenterology 
73:518-523,  1977. 

Batzri,  S.  and  Gardner,  J.  D. :   Cellular  cyclic  AMP  is  dispersed  mucosal 
cells  from  guinea  pig  stomach.   Biochim.  Biophys.  Acta.   541:181-189,  1978. 

May,  R.  J.,  Conlon,  T.  P.,  Erspamer,  V.  and  Gardner,  J.  D. :   Actions  of 
peptides  isolated  from  amphibian  skin  on  pancreatic  acinar  cells.   Am. 
J.  Physiol.   (In  Press). 

Lopatin,  R.  N.  and  Gardner,  J.  D. :   Effects  of  calcium  on  the  ability  of 
various  agents  to  increase  cyclic  GMP  in  pancreatic  acinar  cells.   Biochim. 
Biophys.  Acta.   (In  Press). 

Jensen,  R.  T.  and  Gardner,  J.  D. :   Cyclic  nucleotide-dependent  protein  kinase 
activity  in  acinar  cells  from  guinea  pig  pancreas.   Gastroenterology.   (In 
Press) . 

Batzri,  S.  and  Gardner,  J.  D.:   Histamine  receptors  in  dispersed  mucosal 
cells  from  guinea  pig  stomach:   H^  or  H„?   J.  Clin.  Invest.  (In  Press). 


f 


• 


I 


i 


783 


c 


SMITHSCMAM    oCltlJCE    INFORMATION    EXCHAMGEl  U.S.    DEPARTMENT   OF 

PROJECT   NUMBER    (Do   NOT    use    this    space)       HEALTH,    EDJCATICN,    AuO    WELFARE 

PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl  AM  53,500-05  DDB 


PERIOD  COVERED 

October  1,  1977  through  September  30,  1978 


TITLE  OF  PROJECT  (SO  characters  or  less) 

Studies  of  the  Transport  of  Organic  Anions  by  the  Liver 


NAMES,    LABORATORY    AMD    INSTITUTE   AFFILIATIONS,    AND   TITLES   OF    PRINCIPAL    INVESTIGATORS   AND    ALL    OTHER 
PROFESSIONAL    PERSONNEL    ENGAGED    ON    THE   PROJECT 


P.I.  :    E.  A.  Jones 

Other:    M.  D.  Herman 

J.  Reichen 

W.  B.  Jakoby 

J.  G.  Waggoner 

C.  Klos 


Acting  Chief,  Sec.  Dis.  of  Liver  DDB:NIAMDD 

Clinical  Associate  DDB:NIAMDD 

Guest  Worker  DDB:NIAMDD 

Chief,  Sec.  Enzyme  and  Cell  Biol.  LBMrNIAMDD 

Chemist  DDB:NIAiMDD 

Normal  Volunteer  CC:DIR 


COOPERATIt.G  UNITS  (if  any) 

Normal  Volunteer  Office,  CC 


I  LAB/BRANCH 

Digestive  Diseases  Branch 


SECTION 

Section  on  Diseases  of  the  Liver 


INSTITUTE  AMD  LOCATION 

NIAMDD.  NIH,  Bethesda,  Maryland 


^0014 


TOTAL   MAf.YEARS: 


PROFESSIONAL: 

2  1/2 


OTHER: 


1  1/2 


CHECK  APPROPRIATE  BOx(ES) 
□f(a)   HUMAN  SUBJECTS 

D  (al)  MINORS   n  (a2)  INTERVIEWS 


3(b) 


HUMAN  TISSUES 


D  (c)  NEITHER 
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has  also  been  established.   These  observations  may  imply  that  the  formation  and 
excretion  of  bilirubin  diglucuronide  occurs  directly  from  the  canalicular  pool 
of  the  hepatocyte.   Saturable  binding  of  sulf obromophthalein  (BSP)  to  hepatic 
canalicular  and  plasma  membranes  has  been  demonstrated.   Furthermore,  proteins 
with  affinities  for  bilirubin  and  BSP  have  been  isolated  from  hepatic  cell 
surface  membrane  fractions.   In  studies  of  bile  salt  transport  it  has  been 
shown  that  microfilaments  mav  be  important  hepatic  active  transport  systems  and 
that  the  bile  salt  independent  fraction  of  bile  may  be  dependent  on  the 
excretion  of  currently  unidentified  anions  which  are  not  bile  salts. 
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Project  Description: 
Objectives: 

1)  To  study  the  transport  of  organic  anions  from  blood  through  the 
liver  into  bile,  in  order  to  characterize  the  biophysical  nature  of  each  of 
the  transport  steps  involved  in  the  overall  hepatic  excretory  system. 

2)  To  develop  a  capability  for  quantitating  the  function  of  each  of 
these  steps  in  patients  with  hepatic  dysfunction  by  analysis  of  kinetic 
studies  of  various  test  substances  such  as  sulf obroraophthalein,  indocyanine 
green,  radiolabeled  bilirubin  and  radiolabeled  bile  salts. 

Methods  Employed: 

1)  Plasma  disappearance  curves  of  labeled  or  unlabeled  organic  anions 
have  been  analyzed  using  appropriate  computer  programs. 

2)  Pure  preparations  of  biosynthetically  labeled  bilirubin  conjugates 
have  been  isolated  from  rat  bile  using  albumin-agarose  affinity  columns. 

3)  Horaogenates  and  cytosol  of  liver  have  been  subjected  to  thin  layer 
chromatographic  analysis  of  ^H-labeled  bile  pigments  after  administrating 
unconjugated  -'H-bilirubin  intravenously  to  rats.   The  dissociation  constants 
of  bilirubin  and  its  conjugates  for  glutathione-S-transf erase  has  been 
measured  f luorometrically . 

4)  Rat  liver  plasma  and  canalicular  membrane  fractions  have  been 
prepared  by  differential  and  isopycnic  centrifugation. 

5)  Proteins  with  affinities  for  sulf obromophthalein  and  bilirubin 
have  been  isolated  from  rat  liver  membrane  fractions  by  affinity  chromato- 
graphy. 

6)  A  rapid  filtration  technique  was  used  to  separate  cells  from 
medium  in  studies  of  the  initial  uptake  velocity  of  taurocholate  by  hepato- 
cytes. 

7)  Polyacrylamide  gel  electrophoresis  has  been  used  in  the  assessment 
of  the  effect  of  bile  salts  on  protein  excretion  in  bile. 

Major  Findings: 

Fasting  and  postpranial  serum  bile  acid  concentrations  and  cholyl- 
glycine  disappearance  studies  are  entirely  normal  in  all  three  subtypes 
of  Gilbert's  syndrome.   These  studies  confirm  previously  fragmentary 
information  which  suggests  that  the  transhepatic  transport  of  bile  acids 
occurs  over  separate  pathways  from  those  involved  in  the  excretion  of  other 
cholephilic  anions.   This  finding  is  also  of  clinical  significance  in  that 
even  minimal  structural  hepatic  disease  has  been  found  almost  invariably 
to  be  associated  with  an  abnormality  in  either  the  postpranial  bile  acid 
concentration  or  plasma  bile  acid  disappearance  rates.   Hence,  in  those 
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subgroups  of  Gilbert's  syndrome  associated  with  abnormalities  of  BSP  metabolism 
the  presence  of  normal  bile  acid  studies  strongly  mitigates  against  the 
existence  of  structural  liver  disease  and  can  be  used  as  a  means  of  obviating 
the  necessity  for  invasive  procedures  such  as  liver  biopsy  in  these  patients. 

2)  An  analysis  of  plasma  disappearance  curves  of  cholyl-glycine  in 
normal  subjects  as  assessed  by  a  radioimmunoassay,  which  was  reported  by 
others,  resulted  in  values  for  the  initial  volume  of  distribution  that 
exceeded  that  of  total  body  water  and  values  for  net  extraction  which 
exceeded  hepatic  blood  flow.   These  findings  prompted  a  further  study  of 
the  disappearance  of  cholyl-glycine  from  plasma  in  normal  subjects  in  which 
measurements  of  cholyl-glycine  were  made  using  3-hydroxysteroid  dehydrogenase. 
This  study  indicated  that  the  rate  of  disappearance  of  unlabeled  and  l^C- 
labeled  cholyl-glycine  from  plasma  was  the  same.   It  was  slower  than  that 
reported  by  radioimmunoassay  but  similar  to  that  of  the  more  extensively 
studied  cholephilic  anion  indocyanine  green. 

3)  To  obtain  new  insights  into  the  relationship  between  plasma  bilirubin 
turnover  and  hepatic  bilirubin  clearance,  studies  of  bilirubin  kinetics  have 
been  conducted  in  patients  with  hereditary  spherocytosis  before  and  after 
splenectomy.   In  patients  whose  pre-operative  bilirubin  clearance  values 

were  normal,  the  fall  in  bilirubin  production  occurring  after  splenectomy  had 
no  effect  on  hepatic  bilirubin  clearance,  whereas  in  patients  whose  pre- 
operative bilirubin  clearance  values  were  reduced  to  values  in  the  range 
found  in  Gilbert's  syndrome.   There  was  a  marked  increase  in  hepatic  bilirubin 
clearance  following  surgery.   These  findings  suggest  that  in  patients  with 
Gilbert's  syndrome  the  hepatic  bilirubin  transport  system  is  operating  at  a 
level  close  to  saturation  and  that  bilirubin  loading  studies  may  represent  a 
useful  provocative  test  for  the  diagnosis  of  carriers  of  the  Gilbert's 
syndrome  gene  who  do  not  express  the  trait  at  basal  levels  of  bilirubin 
production. 

4)  The  isolation  of  a  pure  preparation  of  biosynthetically  labeled 
bilirubin  conjugates  in  this  laboratory  has  enabled  kinetic  studies  of 
the  heaptic  metabolism  of  conjugated  bilirubin  to  be  carried  out  in  rats. 
It  has  been  shown  that  both  hepatic  uptake  and  net  hepatic  clearance  of 
conjugated  bilirubin  is  substantially  faster  than  that  of  the  unconjugated 
pigment,  presumably  due,  at  least  in  part,  to  the  ability  of  the  former 
pigment  to  bypass  the  conjugation  step.   In  addition,  the  hepatic  uptake 

of  conjugated  bilirubin,  like  that  of  the  unconjugated  pigment,  was  inhibited 
by  other  organic  anions,  such  as  BSP  and  indocyanine  green,  but  not  by 
glycocholate,  suggesting  that  uptake  is  not  mediated  by  simple  diffusion 
but  by  a  more  complex  mechanism  shared  with  unconjugated  bilirubin. 

5)  The  storage  of  conjugated  bilirubin  within  the  liver  cell  was 
studied  by  analyzing  labeled  bile  pigments  in  homogenates  of  rat  liver  made 
after  the  intravenous  administration  of  -'H-labeled  unconjugated  bilirubin. 
The  data  indicate  that  bilirubin  monoglucuronide  accumulates  preferentially 
within  the  hepatocyte  whereas  the  diglucuronide  was  preferentially  secreted 
into  bile.   In  addition,  unconjugated  and  conjugated  bilirubins  were  found  to 
have  a  high  affinity  for  glutathione-S-transf erases  such  as  ligandin.   Based 
on  these  findings  it  is  suggested  that  microsomal  monoconjugation  of  bilirubin 
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may  occur  while  it  is  bound  to  a  glutathione-S-transf erase  and  that  the 
biliary  excretion  of  bilirubin  may  involve  interaction  of  a  bilirubin  mono- 
glucuronide glutathione-S-transf erase  complex  with  the  bile  canalicular 
membrane  with  resultant  excretion  of  bile  diglucuronide  directly  from  the 
canalicular  pool  of  the  hepatocyte. 

6)  To  assess  the  potential  role  of  membrane  carriers  in  the  hepatic 
transport  of  organic  anions  the  kinetics  of  binding  of  labeled  BSP  to 
canalicular  and  plasma  membrane  fractions  isolated  from  rat  hepatocytes 
were  studied.   Saturable  binding  of  BSP  to  both  membranes  was  shown  and 
this  binding  was  competitively  inhibited  by  bilirubin  and  indocyanine  green 
but  not  by  taurocholate.   This  investigation  has  provided  further  support 
of  the  hypothesis  that  organic  anions  other  than  bile  salts  share  a  common 
pathway  for  hepatic  uptake  and  biliary  excretion  and  that  membrane  carrier 
proteins  may  be  involved  in  these  processes. 

7)  An  attempt  has  been  made  to  isolate  potential  carrier  proteins  from 
sinusoidal  and  canalicular  enriched  liver  plasma  membrane  fractions  using 
affinity  chromatography.   From  sulf obromophthalein  affinity  columns  three, 
binding  proteins  with  apparent  molecular  weights  of  4.0,  4.6  and  6.0  x  10 
were  eluted.   From  bilirubin  affinity  columns  a  single  binding  protein  with  an 
apparent  molecular  weight  of  6.0  x  10"+  was  eluted.   Thus,  one  or  more 
membrane  carrier  proteins  may  be  involved  in  the  transport  of  bilirubin 

and  organic  anion  dyes. 

8)  To  investigate  whether  elevated  fasting  and  post-prandial  serum 
bile  salt  concentrations  in  patients  with  chronic  liver  disease  might  be  due, 
at  least  in  part,  to  abnormal  bile  salt  transport,  uptake  of  taurocholate 

by  hepatocytes  isolated  from  normal  rats  and  rats  with  fibrosis  induced  by 
carbon  tetrachloride  was  determined.   Taurocholate  uptake  by  hepatocytes  from 
rats  with  hepatic  fibrosis  was  noncompetitiv'ely  inhibited,  raising  the 
possibility  of  decreased  numbers  of  receptors  for  bile  salts  on  these  cells. 

9)  In  a  study  of  the  differential  effects  of  taurolithocholate  and 
taurocholate  on  protein  excretion  into  bile  in  rats,  it  has  been  shown  that 
taurocholate  induces  some  loss  of  surface  proteins  of  the  canalicular 
membrane  without  affecting  the  integrity  of  this  membrane.   In  contrast, 
taurolithocholate  induced  substantially  more  protein  excretion  and  this  was 
associated  with  loss  of  integral  canalicular  membrane  and  Golgi  components 
into  bile.   These  findings  may  be  related  to  the  observed  loss  of  canalicular 
microvilli  and  cholestasis  caused  by  taurolithocholate. 

10)  The  role  of  microfilaments  and  microtubules  in  bile  salt  transport 
has  also  been  studied  in  rats  by  assessing  the  effects  of  cytochalasin  B, 

a  microfilament  inhibitor,  and  colchicine,  a  microtubule  inhibitor,  or 
taurocholate  uptake  by  isolated  rat  hepatocytes.   Cytochalasin  B  competitively 
inhibited  taurocholate  uptake,  implying  either  binding  of  cytochalasin  B  to  a 
receptor  for  taurocholate  or  direct  participation  of  microfilaments  in  tauro- 
cholate uptake.   Colchicine  noncompetitively  inhibited  taurocholate  uptake 
suggesting  either  an  indirect  or  no  role  of  microtubules  in  taurocholate 
transport.   Thus,  microfilaments  may  be  importance  in  active  transport 
systems  of  the  hepatocyte  and  their  functional  impairment  may  lead  to 
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cholestasis  by  inhibiting  bile  salt  transport. 

11)   In  a  further  study  of  bile  salt  transport,  an  explanation  of  the 
anion  gap  in  rat  bile  was  sought.   Bile  salt-depleted  bile  was  found  to 
increase  hepatocellular  bile  flow  in  a  dose-dependent  fashion  without  altering 
the  permeability  of  the  biliary  tree.   The  unidentified  choleretic  agent  was 
heat  stable  and  was  not  a  bile  salt.   This  finding  suggests  that  part  of  the 
bile  salt  independent  fraction  of  bile  may  be  dependent  on  the  excretion  of 
currently  undefined  anions. 

Significance  to  Biomedical  Research: 

Studies  of  organic  anion  kinetics  in  patients  with  Gilbert's  syndrome, 
Crigler-Naj jar  syndrome  and  normal  volunteers  have  led  to  a  marked  improvement 
in  our  understanding  of  the  excretory  function  of  the  liver.   In  parti- 
cular, these  studies  have  demonstrated  that  it  is  possible  to  quantitate 
hepatic  function  in  terms  of  clearances  in  a  manner  analagous  to  the  use 
of  creatinine  clearance  measurements  for  quantitating  renal  function.   The 
ability  to  accurately  measure  both  bilirubin  turnover  and  bilirubin  clearance, 
the  two  parameters  which  determine  the  plasma  bilirubin  concentration,  has 
made  possible  a  precise  functional  classification  of  all  cases  of  unconjugated 
hyperbilirubinemia.   Studies  of  the  sort  described  above  are  also  leading 
both  to  the  development  of  new  clinical  methods  for  assessing  the  function  of 
individual  steps  in  organic  anion  transport  processes  and  to  an  improved 
understanding  of  the  nature  of  the  defects  in  a  variety  of  disease  states. 

Proposed  Course: 

New  approaches  to  studies  of  bilirubin  kinetics  involving  the  intravenous 
injection  of  various  loading  doses  of  bilirubin,  in  addition  to  tracer  doses, 
will  be  employed  in  an  attempt  to  see  whether  or  not  those  patients  with 
demonstrated  abnormalities  in  the  hepatic  uptake  of  indocyanine  green  and 
sulfobromophthalein  can  also  be  shown  to  have  a  corresponding  alteration  in 
the  hepatic  uptake  of  bilirubin.   In  addition,  the  methods  currently  used  for 
the  studies  of  unconjugated  bilirubin  kinetics  will  be  extended  to  permit 
studies  of  the  fate  of  conjugated  radiolabeled  bilirubin.   This  will  enable 
the  application  of  these  isotope  techniques  to  a  variety  of  more  common 
disease  states,  including  cirrhosis  and  viral  hepatitis. 
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hepatic  failure  has  been  developed  in  rabbits  with  a  view  to  testing  the 
effectiveness  of  hemoperf usion  through  columns  of  various  adsorbents  as  a  means 
of  providing  temporary  hepatic  support.   The  model  induced  has  the  advantages  of 
being  (i)  non-hazardous  to  personnel,  (ii)  reproducible,  (iii)  potentially^ 
reversible  and  (iv)  closely  resembling  human  fulminant  hepatic  failure  in  its 
clinical,  electroencephalographic,  serum  biochemical  and  hepatic  histological 
features.   The  hypothetical  effects  of  different  hemoperf usion  schedules  on  the 
kinetics  of  depletion  of  a  protein-bound  substance  unconjugated  bilirubin  have ^ 
been  simulated  using  a  computer.   The  results  suggest  that  simple  alterations  in 
the  schedule  of  hemoperfusions  might  accelerate  depletion  of  toxins  from  an 
extravascular  pool  and  hence  promote  earlier  arousal  and  possibly  more  frequent 
survival  in  patients  with  fulminant  hepatic  failure.   The  ability  of  columns 
containing  various  adsorbents  to  extract  potentially  encephalopathic  substances 
from  plasma  has  been  assessed.   To  overcome  problems  of  biocompatibility  of 
certain  hemoperf usion  columns  a  circuit  has  been  devised  in  which  a  dialysate 
of  blood  from  rabbits  is  passed  over  a  column  of  an  adsorbent. 
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To  develop  artificial  extracorporeal  methods  for  removing  from  blood 
those  metabolic  products  which  are  potentially  encephalopathic  and  which  are 
ordinarily  extracted  by  the  liver.   The  ultimate  objective  of  this  project  is   ^ 
the  development  of  an  artificial  support  system  for  use  in  the  management  of   V 
acute  potentially-reversible  hepatic  failure.  ~ 

Methods  Employed: 

1)  To  generate  an  animal  model  of  fulminant  hepatic  failure,  the 
selective  hepatotoxin  galactosamine-HCl  was  administered  intravenously 
according  to  a  precise  dose  schedule  to  an  inbred  strain  of  rabbits. 

2)  The  hypothetical  effects  of  different  hemoperfusion  schedules  on 
the  kinetics  of  depletion  of  a  protein-bound  potentially  encephalopathic 
toxin,  have  been  assessed  using  a  computer. 

3)  The  ability  of  columns  containing  a  variety  of  adsorbents  to  clear 
potentially  encephalopathic  substances  from  plasma  has  been  measured. 

4)  A  hemoperfusion  circuit  has  been  devised  in  which  a  dialysate  of 
blood  is  passed  over  a  column  of  an  adsorbent. 

Major  Findings:  ^T 

1)  Galactosamine  has  been  found  to  produce  a  highly  specific  hepatic 
necrosis  the  histology  of  which  closely  resembles  that  seen  in  some  forms  of 
fulminant  hepatic  failure  in  man.   The  biochemistry  of  this  lesion  has  pre- 
viously been  well  worked  out  by  others  and  we  have  now  established  that  a 
dosage  regimen  employing  repeated  injections  in  an  inbred  strain  of  rabbits 
produces  death  from  hepatic  failure  in  approximately  90%  of  the  animals. 
Furthermore,  death  is  preceded  by  a  period  of  clinically  evident  coma  of  4-6 
hours  duration.   The  model  induced  has  the  advantages  of  being  (i)  non- 
hazardous  to  personnel,  (ii)  fairly  reproducible,  (iii)  potentially 
reversible  and  (iv)  closely  resembling  human  fulminant  hepatic  failure  in  its 
clinical,  electroencephalographic,  serum  biochemical  and  hepatic  histologic 
features. 

2)  Arousal  of  patients  from  coma  due  to  fulminant  hepatic  failure  may  be 
attributable,  at  least  in  part,  to  depletion  of  protein-bound  substances  toxic 
to  the  brain  from  a  slowly  exchanging  extravascular  pool  such  as  the  brain  or 
CSF.   The  hypothetical  effects  of  different  hemoperfusion  schedules  on  the 
kinetics  of  depletion  of  a  protein-bound  substance,  unconjugated  bilirubin, 
have  been  simulated  using  a  computer.   Data  on  the  kinetics  of  unconjugated 
bilirubin  in  man  and  experimentally  determined  values  for  the  efficiency  of 
hemoperfusion  through  albumin-agarose  columns  in  removing  unconjugated 
bilirubin  from  plasma  were  used  in  the  simulations.   The  results  suggest  that 
simple  alterations  in  the  schedule  of  hemoperfusions  might  accelerate  deple- 
tion of  toxins  from  an  extravascular  pool  and  hence  promote  earlier  arousal 
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and  possibly  more  frequent  survival  in  patients  with  fulminant  hepatic 
failure. 

3)  Columns  containing  activated  carbon  (Witco  activated  carbon,  uncoated 
spherical  carbon  BAG;  activated  carbon  in  hydroxyethylcellulose)  are  effective 
at  exctracting  a  variety  of  substances  from  plasma.   These  substances  include 
several  of  potential  importance  in  hepatic  coma,  e.g.  tryptophan,  phenylala- 
nine, tyrosine,  octapamine,  and  serotonin.   Activated  carbon  is  ineffective 

in  removing  glutamic  acid  and  is  inefficient  at  removing  short  chain  fatty 
acids.   Columns  containing  Dowex  20,  Dowex  50,  BioBead  SM2  and  LH  20  are 
ineffective  at  removing  the  representative  series  of  potentially  encephalo- 
pathic  substances  tested. 

4)  Hemperfusion  over  different  types  of  carbon  is  usually  associated  with 
some  destruction  or  removal  of  formed  elements  in  the  blood.   In  particular, 
the  platelet  count  tends  to  fall.   To  overcome  this  problem  a  hemoperfusion 
circuit  has  been  devised  in  which  blood  is  dialysed.   The  dialysate  is  passed 
over  the  column  and  then  reconstituted  with  the  formed  elements  of  the  blood 
prior  to  their  return  to  the  rabbit.   The  design  of  this  circuit  has  involved 
the  evaluation  of  the  most  appropriate  dialysis  membrane  in  terms  of  composi- 
tion, pore  size,  porosity  and  surface  area,  while  minimizing  the  amount  of 
blood  in  the  extracorporeal  circuit.   Normal  rabbits  have  have  been  included 

in  this  circuit  for  periods  up  to  4  hours  without  any  apparent  ill  effect. 

Significance  to  Biomedical  Research: 

The  mortality  rate  from  fulminant  hepatic  failure  of  various  etiologies 
in  man  is  about  80-90%.   Various  types  of  temporary  hepatic  support  have 
been  used  in  the  treatment  of  this  syndrome  in  the  hope  of  buying  time  to 
allow  hepatic  regeneration  to  take  place.   Such  attempts  at  taking  over  the 
functions  of  a  failing  liver  have,  to  date,  had  little  if  any  effect  on  the 
mortality  rate.   Advances  in  this  field  are  impeded  by  continuing  uncertainties 
regarding  the  pathogenesis  of  coma  in  fulminant  hepatic  failure.   It  is  not 
clear  whether  coma  is  due  to  toxic  substances  which  impair  cerebral  function 
or  to  the  lack  of  a  hepatic  synthesized  substance  which  is  necessary  for 
normal  cerebral  function.   Furthermore,  there  are  no  reliable  clinical  or 
laboratory  findings  which  enable  the  clinician  to  identify  those  patients  in 
coma  from  fulminant  hepatic  failure  who  will  die  irrespective  of  any  treatment 
modality,  those  who  will  recover  spontaneously  and  those  whose  life  might 
be  saved  by  providing  temporary  hepatic  support.   It  seems  likely  that  further 
insights  into  the  pathogenesis  of  fulminant  hepatic  failure  and  meaningful 
evaluations  of  the  most  appropriate  treatment  modalities  for  the  syndrome  may 
be  provided  by  carefully  controlled  studies  using  an  animal  model  of  fulminant 
hepatic  failure.   Such  studies  should  include  correlations  between  the  ability 
of  specific  adsorbents  to  remove  particular  substances  or  classes  of  sub- 
stances and  the  effects  of  hemoperfusion  over  these  adsorbents  on  an  animal 
model  of  fulminant  hepatic  failure. 

Publications : 

1.   Berk,  P.D.:   A  computer  simulation  study  relating  to  the  treatment  of 

fulminant  hepatic  failure  by  hemoperfusion.   Proc.  Soc.  155:   535-539,  1977. 
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2.   Blitzer,  B.L.,  Waggoner,  J.G.,  Jones,  E.A.,  Gralnick,  H.R.,  Towne,  D.,    M 
Butler,  J.,  Weise,  V.,  Kopin,  I.J.,  Walters,  I.,  Teychenne,  P.F.,         W 
Goodman,  D.G.,  and  Berk,  P.D.:   A  model  of  fulminant  hepatic  failure  in 
the  rabbit.   Gastroenterology  74:   664-671,  1978. 
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SUMMARY  OF  ^QRK    1200  -ords  or  .less  -  underline  kevv^ord^.)  ,      .  .  •  i.  „r,  . 

Abnormal  immiine  mechanisms  are  being  Studied  m  patients  with  HB  Ag  negative 
chronic  active  hepatitis  and  primary  biliary  cirrhosis  selected  according  to 
strict  diagnostic  criteria.   A  detailed  immunologic  evaluation  is  undertaken, 
which  includes  the  following  techniques:   multiple  intradermal  antigen  tests, 
primary  immunization  with  both  protein  and  polysaccharide  antigens,  quantitation 


of  T  and  B  cell  populations  using  Rosette  tests  and  immunofluorescence,  HLA 
typing,  measurement  of  serum  immunoglobulins  and  functional  assay  of  serum  com- 
plement components.   The  in  vitro  cytotoxic  capacity  of  lymphocytes  and  lympho- 
cyte subpopulations  (T,  K  and  B  cells)  against  several  liver-specific  and  non- 
hepatic  target  cells  in  tissue  culture  is  being  evaluated.   In  addition,  the 
capacity  of  the  reticuloendothelial  system  to  clear  nonspecific  and  immuno- 
specific  particles  from  the  circulation  is  being  assessed.   Nonspecific  clearance 
is  determined  from  the  rate  of  clearance  of  -'-•^^I-microaggregated  albumin  and 
immunospecif Ic  clearance  from  the  fate  of  ^IcT-labeled  autologous  red  cells 
coated  with  a  specific  IgG  or  IgM  antibody.   The  results  of  these  studies  include 
the  demonstration  of  defects  in  spontaneous  cell-mediated  cytotoxicity  and 
immunospecif ic  reticuloendothelial  clearance  in 
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primary  biliary   cirrhosis. 
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Project  Description: 

Objectives : 

To  evaluate  in  detail  the  immunologic  status  of  patients  with  chronic 
active  hepatitis  and  primary  biliary  cirrhosis  with  special  emphasis  on 
immunologic  phenomena  currently  believed  to  be  of  pathogenetic  significance  ^ 
in  these  diseases.   The  ultimate  objective  is  to  identify  the  major  patho-   V 
genetic  mechanisms  in  both  diseases. 

Methods  Employed : 

Criteria  for  patient  selection  include  consistent  history,  physical 
examination,  results  of  serum  biochemical  tests,  serum  non-organ  specific 
antibody  titers  and  hepatic  histology.   Patients  with  a  history  of  ingestion 
of  hepatotoxic  drugs  are  excluded.   To  date  the  study  has  been  be  limited 
to  HB  Ag  negative  subjects.   A  few  patients  with  alcoholic  liver  disease  have 
been  studied  to  generate  control  data  in  a  chronic  liver  disease  in  which 
the  etiology  is  not  primarily  immunologic.   Similarly,  a  few  patients  with 
large  duct  biliary  obstruction  have  been  studied  to  generate  control  data  in 
patients  who  have  cholestasis  not  due  to  primary  biliary  cirrhosis. 

The  immunologic  evaluation  includes  the  following  types  of  investigations: 
1)   Humoral  and  cellular  immune  responses  are  being  assessed  by  multiple  intra- 
dermal antigen  tests;  primary  immunization  with  keyhole  limpet  hemocyanin  and 
pneumococcal  polysacchride  with  subsequent  keyhole  limpet  hemocyanin  skin     ^ 
testing.   Quantitation  of  T  and  B  cell  populations  using  Rosette  tests  and    A 
immunofluorescence;  HLA  typing;  quantitation  of  serum  concentrations  of  immuno- 
globulins; and  functional  (hemolytic)  assay  of  complement  components  are  also 
included  in  the  protocol.   2)   The  cytotoxic  capacity  of  lymphocytes  and  lym- 
phocyte subpopulations  harvested  from  peripheral  blood  is  assessed  in  an  in 
vitro  cytotoxicity  assay,  using  target  cells  which  include  Chang  human  hepa- 
toma cells  and  mouse  EL-4  sarcoma  cells.   The  assay  depends  on  quantitating 
-'-'-Cr  released  from  labeled  target  cells  by  lymphocytes  from  normal  subjects 
and  patients  run  in  parallel.   The  technique  is  used  to  assay  spontaneous 
cell-mediated  cytotoxicity,  mitogen  induced  cellular  cytotoxicity  (using 
phytohemagglutinin,  concanavalin  A  and  pokeweek  mitogen)  and  antibody  depen- 
dent cellular  cytotoxicity  (using  a  specific  Chang  cell  antibody) .   3)   The 
capacity  of  the  reticuloendothelial  system  to  remove  from  the  circulation 
nonspecific  and  immunospecif ic  particles  is  being  assessed.   Nonspecific 
clearance  is  determined  from  the  rate  of  clearance  of  a  test  dose  of  125x- 
microaggregated  albumin  and  hepatic  blood  flow  from  the  rate  of  clearance 
of  a  tracer  dose  of  this  substance.   Immunospecif ic  clearance  is  investigated 
by  following  the  fate  of  intravenously  administered  autologous  red  cells 
labeled  with  ■'-'-Cr  and  coated  with  a  pure  IgM  or  IgG  antibody  directed  against 
ABO  or  Rh  antigens.   Clearance  of  IgM  coated  cells  occurs  largely  in  the  livejp 
and  depends  on  the  interaction  between  C3b  deposited  in  vivo  on  the  red  cell  ^ 
membrane  and  specific  C3b  receptors  on  Kupffer  cells,  while  clearance  of  IgG 
coated  cells  depends  on  Fc-receptor-bearing  fixed  macrophages  in  the  spleen. 
After  clearance  IgG-coated  cells  undergo  phagocytosis,  whereas  IgM-coated 
cells  either  undergo  phagocytosis  or  release  back  into  the  circulation  as 
C3d-coated  cells  as  a  result  of  the  action  of  circulating  C3b  inactivator. 
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Using  this  protocol  it  is  possible  to  derive  information  about  the 
function  of  both  the  afferent  and  efferent  limbs  of  a  patient's  immune 
response.   The  assessment  of  the  efferent  limb  includes  data  on  humoral 
immunity  (primary  and  secondary  responses)  and  cellular  immunity,  including 
quantitation  and  functional  assay  of  T,  B  and  K  cells. 

Major  Findings: 

Results  to  date  include  the  following: 

1)  There  is  a  higher  incidence  of  skin  test  anergy  in  patients  with 
primary  biliary  cirrhosis  than  in  patients  with  chronic  active  hepatitis  and 
controls.   This  anergy  includes  the  response  to  de  novo  immunization  with 
keyhole  limpet  hemocyanin. 

2)  The  cytotoxic  response  in  patients  with  primary  biliary  cirrhosis 
and  HB  Ag  negative  chronic  hepatitis  is  not  specific  for  the  Chang  cell  and 
does  not  indicate  prior  sensitization  in  vivo  to  antigens  on  this  target  cell. 

3)  In  contrast  to  chronic  hepatitis,  spontaneous  cell-mediated  cyto- 
toxicity (SCMC)  of  lymphocytes  was  shown  to  be  defective  in  PBC.   No  defect  in 
mitogen- induced  cytotoxicity  (MICC)  or  antibody-dependent  cytotoxicity  (ADCC) 
was  demonstrated  in  either  disease.   In  both  diseases  SCMC  and  ADCC  were  shown 
to  be  mediated  by  a  subpopulation  of  lymphocytes  which  lack  surface  immuno- 
globulin and  bear  Fc  receptors  whereas  MICC  was  mediated  by  lymphocytes  which 
lack  both  surface  immunoglobulin  and  Fc  receptors.   Thus,  a  difference  in 
cytotoxic  function  in  PBC  and  chronic  hepatitis  has  been  defined  in  that  the 
former  but  not  the  latter  disease  is  associated  with  a  defect  in  the  sponta-. 
neous  cytotoxic  function  of  lymphocytes  which  lack  surface  immunoglobulin  but 
bear  Fc  receptors. 

4)  Starting  with  peripheral  blood  mononuclear  cells  it  has  been  shown 
that  depletion  of  complement  receptor-bearing  cells  was  associated  with 
enrichment  of  Fc  positive  and  surface  immunoglobulin  negative  cells,  depletion 
of  phagocytes  and  surface  immunoglobulin  positive  cells  and  normal  or 
enhanced  SCMC,  MICC  and  ADCC.   In  contrast,  depletion  of  Fc  positive  cells 
was  associated  with  enrichment  of  complement  receptor-bearing  cells  and 
virtually  no  capacity  to  induce  SCMC  or  ADCC.   These  experiments  indicate  that 
at  least  the  majority  of  cells  which  mediate  SCMC,  MICC  and  ADCC  do  not  bear 
complement  receptors. 

5)  The  clearance  of  both  tracer  and  test  doses  of  microaggregated 
albumin  was  normal  in  all  patients  studied,  indicating  normal  hepatic  blood 
flow  and  a  normal  phagocytic  capacity  of  the  reticuloendothelial  system  in 
every  subject  studied.   The  clearance  and  subsequent  phagocytosis  of  IgG- 
coated  radiochromated  autologous  red  cells  was  normal  in  all  groups,  except 
patients  with  PBC,  the  majority  of  whom  had  an  increased  rate  of  clearance. 
This  observation  may  imply  activation  of  the  reticuloendothelial  system  in 
this  disease.   In  contrast,  the  clearance  of  C3b-coated  radiochromated 
autologous  red  cells  was  markedly  decreased  in  each  patient  with  PBC  but  was 
normal  in  all  of  the  other  subjects  studied.   To  obtain  further  insight  into 
this  clearance  defect  in  PBC,  a  compartmental  model  of  the  C3b  clearance 
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process  was  developed.   Using  computer  simulations  the  model  was  able  to 
account  for  the  observed  data  and  showed  that  the  major  determinant  of  the 
defect  was  a  decreased  rate  of  deposition  of  C3b-coated  cells  on  Kupffer  cell 
receptors.   It  was  shown  that  the  defect  could  not  be  attributed  to  cholesta- 
sis, to  deficiency  of  components  of  the  classical  complement  pathway,  or  to 
increased  or  decreased  activity  of  C3b-inactivator.   However,  the  defect 
could  be  due  to  a  decrease  in  the  number  or  affinity  of  C3b-receptors  or  to  ML 
partial  saturation  of  these  receptors  by  excess  circulating  C3b  or  immune    ^ 
complexes  containing  C3b.   That  there  is  probably  excess  circulating  C3b  in 
PBC  is  suggested  by  the  finding  that  there  is  hypercatabolism  of  C3  in  this 
disease. 

Significance  to  Biomedical  Research: 

Eludication  of  the  pathogenetic  mechanisms  which  initiate  and  sustain  the 
disease  process  in  chronic  active  hepatitis  and  primary  biliary  cirrhosis  is 
required  for  better  diagnostic  testing  and  development  of  rational  therapies. 
Defined  initiating  factors  exist  for  those  subgroups  of  chronic  active 
hepatitis  which  are  associated  with  HB  Ag  and  which  follow  the  ingestion  of 
certain  drugs,  whereas  Initiating  factors  are  unknown  for  the  remainder  of 
patients  with  chronic  active  hepatitis  and  all  patients  with  primary  biliary 
cirrhosis.   The  processes  leading  to  sustained  disease  activity  are  unknown 
in  both  conditions.   Current  hypotheses  favor  immunologic  mechanism(s) .   These 
hypotheses,  in  part,  stem  from  the  high  prevalence  of  abnormal  immunologic 
phenomena  in  both  diseases.   The  empiric  use  of  adrenal  corticosteroids  and 
other  immunosuppressive  therapies  in  these  diseases  appear  to  be,  at  least  in ^ 
part,  a  reflection  of  this  view.   To  date,  existing  specific  hypotheses  lack  A 
experimental  confirmation.   In  addition,  it  is  not  known  whether  certain      ^- 
immunologic  abnormalities  found  in  some  subgroups  of  patients  and  not  in  others 
are  epiphenomena  or  are  related  to  pathogenesis. 

The  current  study  is  designed  to  provide  a  comprehensive  immunologic 
evaluation  of  selected  patients  so  that  the  spectrum  of  immunologic  abnormali- 
ties associated  with  primary  biliary  cirrhosis  and  HB  Ag  negative  chronic 
hepatitis  can  be  defined  and  the  relationship  of  these  abnormalities  to 
clinical  and  histologic  variables  can  be  assessed.   In  addition,  hypotheses 
of  specific  pathogenic  mechanisms  are  tested.   The  significant  morbidity  and 
mortality  of  chronic  active  hepatitis,  the  uniform  mortality  of  primary 
biliary  cirrhosis,  and  the  inadequacies  of  all  current  therapies  in  both  con- 
ditions emphasize  the  need  for  information  which  throws  light  on  the  patho- 
genesis of  these  diseases. 

Proposed  Course: 

The  protocol,  as  described  above,  will  be  continued.   Investigations  wilL 
also  be  directed  toward  defining  the  antigenic  specificity  of  the  cell  membraA 
of  the  Chang  cell  and  other  hepatic  target  cells,  performing  functional  assays^ 
of  lymphocyte  subpopulations  and  developing  methods  for  the  isolation  of  pure 
preparations  of  hepatocytes  from  animal  livers  and  from  biopsies  of  human 
livers  for  use  as  target  cells.   T-cell  suppressor  and  helper  function 
will  be  evaluated  in  collaboration  with  workers  in  the  Immunophysiology 
Section  of  the  Metabolism  Branch,  National  Cancer  Institute.   After  adequate 
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safeguards  are  instituted,  patients  with  HB  Ag  positive  chronic  active 
hepatitis  will  be  included  within  the  protocol. 

Publications : 

1.  Vierling,  J.M.,  Nelson,  D.L.,  Strober,  W.,  Bundy,  B.M.,  and  Jones,  E.A. 
In  vitro  cell-mediated  cytotoxicity  in  primary  biliary  cirrhosis  and 
chronic  hepatitis.   J.  Clin.  Invest.  60:   1116-1128,  1977. 

2.  Vierling,  J.M.,  Steer,  C.J.,  Bundy,  B.M.,  Strober,  W.,  Jones,  E.A., 
Hague,  N.E.,  and  Nelson,  D.L.:   Studies  of  complement  receptors  on 
cytotoxic  effector  cells  in  human  peripheral  blood.   Cell.  Immunol. 
35:   403-413,  1978. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

To  study  copper  metabolism  in  vivo  the  fate  of 
venous  injection  or  the  fate  of  both  " ' Cu  and 
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Cu  is  followed  after  its  intra- 


Cu  are  followed  after  giving  one 
of  the  isotopes  intravenously  and  the  other  by  mouth.   Subsequently,  measurements 
are  made  of  radioactivity  in  the  whole  body,  liver,  red  cells,  ceruloplasmin, 
ceruloplasmin-free  plasma,  urine  and  feces.   The  data  obtained  are  being  analyzed 
by  computer  using  curve-fitting ,  deconvolution  and  integration  techniques.   The 
computer  analysis  enables  the  kinetics  of  intestinal  absorption,  hepatic  uptake, 
biliary  excretion  and  incorporation  into  ceruloplasmin  to  be  quantitated.   The 


primary  goal  of  these  studies  is  to  obtain  an  improved  understanding  of  copper 
metabolism  in  normal  subjects  and  in  patients  with  diseases  associated  with 
increased  deposition  of  copper  in  the  liver,  notably  Wilson's  disease  and  primary 
biliary  cirrhosis.   Another  goal  is  to  determine  whether  a  set  of  abnormalities 
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of  radiocopper  kinetics  can  be  defined  which  would  enable  subjects  who  are 
heterozygous  for  Wilson's  disease  to  be  distinguished  from  those  who  are  homo- 


zygous and  those  who  are  neither  homozygous  nor  heterozygous  for  this  disease. 
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Project  Description: 

Objectives: 

To  evaluate  quantitatively  the  metabolism  of  copper  in  health  and  specific 
diseases  associated  with  abnormalities  of  copper  metabolism. 

The  ultimate  goals  include  a  comprehensive  understanding  of  normal  copper 
metabolism,  and  an  evaluation  of  the  significance  of  specific  abnormalities 
of  copper  metabolism  in  patients  who  have  increased  deposition  of  copper  in 
the  liver,  in  particular  those  with  hepatolenticular  degeneration  (Wilson's 
disease)  and  with  diseases  associated  with  chronic  cholestasis  such  as  primary 
biliary  cirrhosis.   In  addition,  relatives  of  patients  with  hepatolenticular 
degeneration,  some  of  whom  are  heterozygotes  for  this  condition,  are  also 
studied,  to  determine  whether  abnormalities  of  copper  metabolism  characteristic 
of  the  heterozygote  state  can  be  defined. 

Methods  Employed: 

1)  Studies  using   Cu  alone.   After  the  intravenous  injection  of    Cu 
serial  measurements  are  made  of  whole  body  radioactivity  (using  a  whole  body 
counter) ,  hepatic  radioactivity  (using  a  scintillation  probe) ,  and  radio- 
activity in  red  cells,  ceruloplasmin-free  plasma,  ceruloplasmin,  urine  and 
feces.   With  the  exception  of  hepatic  radioactivity,  these  measurements  are 
made  for  a  period  of  13  davs.   Serum  ceruloplasmin-bound  "'Cu  determination 
involves  the  removal  of  non-ceruloplasmin-bound  " ' Cu  from  serum  samples  by 
addition  of  a  copper  chelating  agent  and  passage  of  samples  down  small  columns 
of  activated  charcoal.   Plasma  nonceruloplasmin-bound   'Cu  is  determined  by 
subtracting  radioactivity  in  ceruloplasmin  from  that  in  whole  plasma.   The 
curves  of  total  body,  hepatic,  red  cell,  plasma  ceruloplasmin  and  plasma  non- 
ceruloplasmin  radioactivity  are  defined  and  the  total  excretion  of  radio- 
activity in  urine  and  feces  calculated. 

2)  Studies  using   Cu  and   Cu.   Studies  are  also  being  conducted  in 
which  the  fate  of  simultaneously  administered  "'Cu  and  "'^Cu  is  followed.   One 
of  the  isotopes  is  given  orally  and  the  other  intravenously.   The  subsequent 
protocol  is  the  same  as  for  studies  using  "'Cu  alone  except  that  both  "'Cu  and 
"^Cu  radioactivity  are  measured  in  all  experimental  specimens.   In  measuring 
"'Cu  and  "'^Cu  simultaneously  an  appropriate  correction  is  made  for  the  radio- 
activity due  to  "'^Cu  which  cannot  be  excluded  when  measuring  "'Cu.   The  data 
obtained  are  being  analyzed  by  computer.   This  enables  various  parameters  of 
copper  metabolism  to  be  quantitated,  in  particular  the  kinetics  of  intestinal 
absorption,  hepatic  uptake,  biliary  excretion  and  incorporation  into  cerulo- 
plasmin. 


Major  Findings: 

1)   The  ranges 
and  heterozygotes  for  hepatolenticular  degeneration  have  been  defined 


ft  7 

1)   The  ranges  of  whole  body   Cu  retention  for  normals  and  homozygotes 
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degeneration  and  in  patients  with  primarv  biliary  cirrhosis  have  been  demon- 
strated.  In  contrast,  incorporation  of  "'Cu  into  ceruloplasmin  in  homozygotes 
for  hepatolenticular  degeneration  was  minimal.   Thus,  incorporation  of  radio- 
copper  into  ceruloplasmin  can  be  used  to  differentiate  between  two  copper 
overload  states,  Wilson's  disease  and  primary  biliary  cirrhosis. 

3)  A  pool  of  nonceruloplasmin-bound  copper  which  rapidly  exchanges  with 
plasma  nonceruloplasmin-bound  copper  exists  in  control  subjects  but  is 
either  saturated  or  absent  in  patients  with  PBC . 

4)  About  50%  of  orally  administered  radiocopper  is  absorbed  in  both 
normal  subjects  and  patients  with  PBC. 

5)  In  the  presence  of  a  positive  copper  balance  in  PBC,  the  degree  of 
intestinal  absorption  and  hepatic  extraction  of  orally-administered  radio- 
copper  is  inappropriate. 

6)  A  major  defect  in  copper  metabolism  in  PBC  is  decreased  biliary 
excretion  of  copper. 

7)  There  is  a  decreased  fractional  rate  of  uptake  of  copper  by  the 
liver  in  Wilson's  disease  which  is  not  attributable  solely  to  an  increased 
hepatic  copper  concentration. 

8)  Incorporation  of   Cu  into  ceruloplasmin  is  almost  linear  for  at 
least  7  days  after  its  administration  to  both  normal  subjects  and  patients 
with  hepatic  copper  overload  suggesting  rapid  equilibration  of  "'Cu  with  a 
large  hepatic  pool  of  copper  which  has  a  slow  turnover  rate  and  a  loss  pathway 
with  a  small  fractional  transfer  rate  to  the  precursor  pool  of  copper  for 
ceruloplasmin  synthesis. 

9)  There  is  a  rapid  pathway  for  the  incorporation  of  radiocopper  into 
ceruloplasmin  which  bypasses  the  hepatic  storage  pool.   There  is  a  major 
defect  in  this  rapid  pathway  in  PBC. 

Significance  to  Biomedical  Research 

In  certain  disease  states  marked  variations  in  the  copper  content  of 
plasma  and  various  organs  are  known  to  occur.   However,  the  mechanisms  by 
which  copper  homeostasis  is  maintained  in  health  and  disturbed  in  disease  are 
poorly  understood.   Increasing  attention  has  been  focused  on  copper  metabolism 
in  hepatolenticular  degeneration  since  the  refutation  of  the  concept  that  a 
low  ceruloplasmin  concentration  is  primarily  responsible  for  manifestations  of 
the  disease.   In  hepatolenticular  degeneration  and  in  diseases  which  are 
associated  with  chronic  cholestasis,  such  as  primary  biliary  cirrhosis, 
chronic  large  duct  biliary  obstruction  and  progressive  intrahepatic  cholestasis 
of  infancy  and  childhood,  very  high  concentrations  of  copper  have  been  demon- 
strated in  the  liver.   It  has  been  suggested  that  increased  hepatic  copper 
may  contribute  to  tissue  injury  and  that  reduction  of  hepatic  copper  by 
copper  chelation  therapy  may  improve  the  prognosis  in  these  diseases.   By  the 
use  of  the  double  radionuclide  technique  outlined  it  is  possible  to  determine 
whether  specific  disorders  characterized  by  increased  hepatic  deposition  of 
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copper  are  associated  with  particular  defects  in  copper  metabolism,  such  as 
abnormalities  of  intestinal  absorption,  hepatic  uptake,  biliary  secretion  and 
incorporation  into  ceruloplasmin.   The  pathogenesis  of  neither  hepatolenticular 
degeneration  nor  primary  biliary  cirrhosis  is  known,  and  defects  in  hepatic 
handling  of  copper  in  these  diseases  could  be  either  directly  related  to  their 
pathogenesis  or  secondary  phenomena  potentiating  tissue  injury.. 

By  studying  heterozygotes  for  hepatolenticular  degeneration,  the  effect 
of  the  presence  of  a  single  gene  for  this  condition  on  copper  metabolism  can 
be  defined. 

Proposed  Course: 

To  achieve  the  stated  objectives  it  is  necessary  to  study  more  normal 
subjects,  patients  with  hepatolenticular  degeneration  and  their  relatives, 
patients  with  primary  biliary  cirrhosis  and  other  patients  who  may  have 
abnormal  copper  metabolism. 

The  protocol,  as  defined  above,  will  be  continued.   Emphasis  is  being 
placed  on  studying  a  sufficient  number  of  volunteers  to  permit  normal  ranges 
for  variables  of  copper  metabolism  to  be  established.   In  homozygotes  for 
hepatolenticular  degeneration  and  patients  with  primary  biliary  cirrhosis, 
analysis  of  the  data  will  focus  on  the  nature  of  abnormalities  of  copper 
metabolism  in  relation  to  the  manifestations  of  the  disease,  while  in  hetero- 
zygotes for  hepatolenticular  degeneration  analysis  of  the  data  will  be  largely 
directed  towards  defining  defects  in  copper  metabolism  which  can  readily  be 
measured  and  which  enable  the  heterozygote  state  to  be  distinguished  from 
normal  subjects.   Further  investigations  in  man  may  involve  direct  analysis  of 
copper  excretion  in  bile  using  a  multiple  lumen  enteric  tube.   Specific 
questions  relating  to  radiocopper  kinetics  which  cannot  be  answered  by  studies 
in  humans  will  be  investigated  in  rats  or  dogs  using  °'Cu  and  "^Cu. 

Publications: 

1.   Vierling,  J.M.,  Shrager,  R. ,  Rumble,  W.F.,  Aamodt,  R.,  Berman,  M.D., 
and  Jones,  E.A. :   Incorporation  of  radiocopper  into  ceruloplasmin  in 
normal  subjects  and  in  patients  with  primary  biliary  cirrhosis  and 
Wilson's  disease.   Gastroenterology  74:   652-660,  1978. 
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SUMMARY  OF  WORK  (200  ^ords  or  less  -  underli-ie  keywords) 

Highly  purified  biologically  active  alpha-1-anti trypsins  (alAT's)  are  being 
isolated  from  plasma  using  gel  exclusion  chromatography,  affinity  chroma- 
tography, and  DEAE  ion  exchange  chromatography.   Isolated  preparations  of 
alAT,  trace-labeled  with  radioiodine,  are  being  used  to  obtain  data  on  the  turn- 
over of  ctlAT  in  normal  subjects,  patients  with  alAT  deficiency  and  their  rela- 
tives and  patients  with  chronic  hepatocellular  disease.   The  protease  inhibitor 
phenotypes  of  subjects  donating  plasma  for  isolation  of  alAT  and  subjects  under- 
going alAT  turnover  studies  are  determined.   alAT's,  isolated  from  normal  sub-   ^ 
jects  (phenotype  PiMM)  and  from  patients  with  alAT  deficiency  (phenotype  PiZZ)   ^ 
have  different  degrees  of  sialylation.   Each  is  labeled  with  a  different  isotope 
of  iodine  and  the  metabolism  of  the  two  labeled  preparations  are  compared  in  the 
same  individuals.   In  addition,  the  metabolism  in  vivo  of  alAT  which  has  been 
desialylated  in  vitro  is  being  studied.   The  relationship  between  the  degree  of 
desialylation  of  alAT  and  its  rate  of  catabolism  and  the  extent  to  which 
decreased  hepatic  release  or  increased  hepatic  uptake  of  alAT  contributes  to  the 
low  plasma  concentrations  of  alAT  in  alAT  deficiency  are  being  determined. 

Qn2 . 
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Project  Description: 

Objectives : 

Alpha-1-antitrypsin  (ixlAT)  is  a  plasma  glycoprotein  which  contains  sialic 
acid  and  is  responsible  for  most  of  the  trypsin  inhibitory  capacity  of  plasma. 
The  objectives  of  this  study  are  to  obtain  data  on  the  metabolism  of  ilAT  in 
normal  subjects  (phenotype  PiMM) ,  patients  with  alAT  deficiency  (phenotype 
PiZZ) ,  relatives  of  PiZZ  individuals  with  one  Z  gene  and  patients  with  hepato- 
cellular disease  unassociated  with  ctlAT  deficiency.   The  possibility  that  the 
degree  of  sialylation  of  this  protein,  which  is  less  in  PiZZ  than  PiMM 
individuals,  influences  its  metabolism  _in  vivo  will  be  investigated  by  com- 
paring the  metabolism  of  alAT's  isolated  from  PiMM  and  PiZZ  individuals  in  the 
same  subjects  and  by  studying  the  metabolism  of  alAT  which  has  been  desialyl- 
ated  in  vitro. 

Methods  Employed: 

1)  The  protease  inhibitor  genotypes  of  subjects  donating  plasma  for 
isolation  of  :tLAT  and  subjects  undergoing  studies  of  alAT  metabolism  are 
determined  using  acid  starch  gel  electrophoresis  followed  by  crossed  Immuno- 
electrophoresis and/or  slab  gel  isoelectric  focusing  in  acrylamide. 

2)  alAT  is  isolated  from  plasma  using  (NH/)SO,  precipitation,  gel 
exclusion  chromatography,  Concanavalin  A  affinity  chromatography,  DEAE  ion 
exchange  chromatography  and  affinity  chromatography  using  blue  dextran  and 
activated  thiol  exchange. 

3)  The  purity  of  isolated  alAT  is  determined  using  gel  electrophoresis, 
crossed  Immunoelectrophoresis,  polyacrylamide  gel  electrophoresis  and  iso- 
electric focusing.   Its  biological  activity  is  assessed  by  a  kinetic  assay  of 
tryptic  inhibitory  capacity  using  an  artificial  substrate. 

4)  To  quantitate  the  turnover  of  alAT  in  man,  pure  biologically  active 
ilAT  trace  labeled  with  radioiodine  is  administered  intravenously  and  serial 
measurements  of  radioactivity  in  the  whole  body,  plasma  and  urine  are  analyzed. 

Major  Findings: 

1)  Isolated  (PiMM)  cilAT  has  been  shown  to  be  immunochemical ly  pure  and 
to  retain  both  its  characteristic  electrophoretic  microheterogeneity  on  acid 
starch  gel  electrophoresis  and  its  ability  to  inhibit  trypsin. 

2)  The  half  life  of  radioiodinated  human  (PiMM)  ctlAT  in  the  plasma  of 
rabbits  varies  from  8.7  to  10.4  hours  whereas  that  of  the  same  protein  after 
desialylation  was  less  than  10  minutes. 

3)  Ranges  for  pool  sizes,  transfer  rates  between  pools  and  synthetic 
and  catabolic  rates  of  alAT  in  normal  subjects  have  been  defined. 

4)  In  turnover  studies  of  MM  'ilAT  in  normal  (PiMM)  volunteers,  the  serum 
concentration  of  cilAT  was  shown  to  vary  independently  of  its  fractional 
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catabolic  rate  suggesting  that  a  constant  volume  of  plasma  is  cleared  of  a  AT   ^ 
per  unit  time.   Analysis  of  the  turnover  data  indicated  that  a  AT  is 
catabolized  in,  or  in  close  relationship  to,  the  intravascular  compartment. 

5)   In  analogous  studies  in  normal  volunteers  the  desialylated  protein 
was  shown  to  be  removed  from  plasma  approximately  150  times  faster  than  the 
intact  protein.   Its  rapid  disappearance  from  plasma  was  associated  with  an    /f. 
equally  rapid  uptake  of  the  radioiodine  label  by  the  liver.   This  finding      ^ 
emphasizes  that  the  catabolism  of  alAT  can  be  influenced  by  the  molecular 
structure  of  the  carbohydrate  moiety  and  suggests  the  existence  of  hepatic 
receptors  for  desialylated  glycoproteins  in  the  human  liver. 

Significance  to  Biomedical  Research: 

Homozygous  alAT  deficiency  (phenotype  PiZZ)  may  be  associated  with 
cholestasis  in  the  neonatal  period,  cirrhosis,  liver  cell  carcinoma  and 
emphysema  at  a  young  age.   In  this  condition,  hepatocytes  have  been  shown  to 
contain  globules  of  cclAT-like  material  which  is  devoid  of  sialic  acid,  and 
the  alAT  in  plasma,  which  is  present  in  abnormally  low  concentration,  has 
also  been  shown  to  have  a  reduced  content  of  sialic  acid.   The  relationship 
of  the  characteristic  hepatic  globules  and  the  low  plasma  concentration  of 
alAT  to  the  hepatic  lesions  associated  with  alAT  deficiency  is  unknown.   This 
study  is  designed  to  investigate  the  metabolism  of  alAT  in  alAT  deficiency. 
The  relationship  of  the  characteristic  hepatic  globules  to  the  rate  at  which 
alAT  is  delivered  to  plasma  and  to  the  concentration  of  alAT  in  plasma  will 
be  assessed.   In  addition,  the  contribution  of  increased  catabolism  or  hepatic 
uptake  of  alAT  to  reduced  plasma  concentrations  of  alAT  will  be  determined.     '■ 
The  study  will  establish  the  effect  of  variations  in  the  molecular  structure    * 
of  alAT  (e.g.  different  degrees  of  sialylation)  on  its  rate  of  endogenous 
catabolism  or  hepatic  uptake.   In  particular,  the  hypothesis  that  there  are 
hepatic  receptors  for  exposed  galactosyl  residues  on  desialylated  glycoproteins 
which  facilitate  the  rapid  hepatic  clearance  of  these  proteins  will  be  tested 
in  man.   The  effect  of  chronic  hepatocellular  disease  on  the  liver's  capacity 
to  clear  a  desialylated  glycoprotein  will  be  determined.   In  addition,  the 
influence  of  chronic  hepatocellular  disease  per  se  on  the  metabolism  of  alAT 
will  be  studied  so  that  important  control  data  can  be  generated  for  the  evalua- 
tion of  alAT  metabolism  in  patients  with  alAT  deficiency  associated  with 
chronic  hepatocellular  disease.   The  observation  that  desialylated  glyco- 
proteins appear  to  be  metabolized  by  hepatic  lysosomes  suggests  that  measure- 
ments of  hepatic  radioactivity  after  administering  a  radioiodinated  desialyl- 
ated glycoprotein  such  as  alAT  could  be  used  as  a  test  for  hepatic  lysosomal 
function. 

Proposed  Course: 

It  is  proposed  to  administer  labeled  intact  and  desialylated  (PiMM)  alAT   I 
to  patients  with  alAT  deficiency  (phenotype  PiZZ)  and  to  administer  labeled     %^_, 
alAT  isolated  from  patients  with  alAT  deficiency,  who  do  not  have  associated 
hepatocellular  disease,  to  both  normal  subjects  and  patients  with  alAT 
deficiency.   These  studies  will  enable  the  contribution  of  decreased  hepatic 
release  of  alAT  and  increased  hepatic  uptake  of  alAT  to  the  low  serum  concen- 
tration of  alAT  in  alAT  deficiencv  to  be  assessed.   Whether  alAT  that  is 
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biosynthetically  deficient  in  sialic  acid  behaves  differently  from  that  which 
is  deficient  in  sialic  acid  as  a  result  of  neuraminidase  treatment  will  also 
be  determined  by  these  studies. 

Publications : 

1.  Jones,  E.A.,  Vergalla,  J.,  Steer,  C.J.,  Bradley-Moore,  P.R.,  and 
Vierling,  J.M. :   Metabolism  of  intact  and  desialylated  a  -antitrypsin. 
Clin.  Sci.  Molec.  Med.,  1978,  in  press. 

2.  Chan,  C.H.,  Steer,  C.J.,  Vergalla,  J.,  and  Jones,  E.A.:   Alpha-1- 
antitrypsin  associated  with  the  protease  inhibitor  phenotype  SZ. 
Amer .  J .  Med . ,  1978,  in  press. 
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SUMMARY  OF  WORK  [200  v^ords  or  less  -  underline  keywords) 

A  glycoprotein  isolated  from  rabbit  hepatocytes  (HBP)  which  has  the  ability  to 

bind  specifically  desialylated  glycoproteins  is  also  capable  of  inducing 

mitogenesis  in  human  desialylated  lymphocytes.  The  iimnunogenic  properties  of 


HBP,  the  first  lectin  of  mammalian  origin  to  be  recognized,  is  being  studied 
further.   It  has  been  shown  that  isolated  HBP  has  the  ability  to  increase  the 
cytotoxicity  of  human  lymphocytes  against  Chang  target  cells  to  the  same  degree 


as  the  plant  lectin  phytohemagglutinin.   HBP  did  not  increase  the  cytotoxicity 
of  intact  lymphocytes.   In  addition,  it  has  been  shown  that  desialylated  lympho- 
cytes induced  significantly  more  cytotoxicity  in  isolated  rabbit  hepatocytes, 
which  bear  HBP  on  their  surface,  than  did  intact  lymphocytes,  and  that  this 
phenomenon  could  be  blocked  by  asialo-orosomucoid  (a  desialylated  glycoprotein) 
but  not  by  orosomucoid.   These  findings  suggest  that  the  cytotoxicity  induced  by 
membrane-bound  HBP  is  similar  in  mechanism  to  that  induced  by  the  isolated  pro- 
tein and  that  the  induced  cytotoxicity  probably  depends  on  the  interaction 
between  HBP  and  exposed  galactosyl  residues  on  desialylated  lymphocytes.   De- 
sialylated lymphocytes  are  selectively  taken  up  by  the  liver, 
responsible  for  this  process  has  hppn  in-^TP-^i-T  ggted  . 


The  mechanism 
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Project  Description: 

Objectives : 

HBP  is  a  normal  constituent  of  the  surface  membranes  of  mammalian  hepato- 
cytes  which  can  induce  mitogenesis  in  desialylated  lymphocytes.   This  project 
is  designed  to  determine  whether  HBP  has  additional  immunologic  properties 
such  as  the  ability  to  induce  desialylated  lymphocytes  to  become  cytotoxic, 
that  is  to  mediate  mitogen- induced  cellular  cytotoxicity  (MICC) .   The 
specificity  of  immunologic  processes  mediated  by  HBP,  as  well  as  the  sub- 
populations  of  lymphocytes  involved,  will  be  assessed.   Desialylated  lympho- 
cytes are  selectively  taken  up  by  the  liver.   The  role  of  HBP  in  this 
phenomenon  will  be  determined. 

Methods  Employed: 

HBP  is  isolated  in  a  pure  form  from  rabbit  liver  using  affinity  chroma- 
tography.  HBP  in  the  surface  membranes  of  hepatocytes  is  measured  by  its 
ability  to  bind  ■'— ^I-asialo-orosomucoid.   For  assays  of  cytotoxicity  lympho- 
cytes are  isolated  from  the  blood  of  normal  human  volunteers  by  centrif ugation 
over  Ficoll-Hypaque.   Lymphocytes  are  desialylated  by  incubating  with  neura- 
minidase.  I\^70  in  vitro  assaysof  cytotoxicity  are  used.   One  measures  the 
release  of  radioactivity  from  -"^Cr-labeled  nucleated  target  cells  after  their 
incubation  with  effector  cells  in  the  presence  or  absence  of  mitogens.   The 
other  measures  the  loss  of  ability  of  target  cells  to  adhere  to  plastic  after 
incubation  with  effector  cells.   Viability  of  both  effector  and  target  cells 
is  measured  by  the  ability  of  cells  to  exclude  the  dye  trypan  blue.   Chang 
cells  are  used  as  nonspecific  nucleated  target  cells.   Pure  rabbit  hepatocytes, 
isolated  by  perfusing  the  liver  in  situ  with  a  solution  containing  collagenase 
and  hyaluronidase,  are  used  as  hepatospecif ic  target  cells  containing  exposed 
HBP  on  their  surface  membranes.   The  hepatic  uptake  of  -'■^Cr-labeled  desialyl- 
ated and  normal  lymphocytes  was  quantitatved  in  rabbits  and  the  effects  of 
complement  depletion  with  cobra  venom  factor  and  preincubation  of  the 
labeled  cells  with  IgG  Fab  fragments  on  the  hepatic  uptake  of  desialylated 
lymphocytes  determined. 

Major  Findings: 

1.   Cytotoxicity  of  desialylated  Ijnnphocytes  against  nonspecific 
nucleated  target  cells  in  the  presence  of  HBP  was  equivalent  to  that  in  the 
presence  of  the  powerful  plant  mitogen  phytohemagglutinin  and  was  much  greater 
than  that  induced  by  these  cells  in  the  absence  of  HBP.   After  prolonged 
culturing  of  desialylated  lymphocytes  in  the  presence  of  HBP,  this  protein 
was  found  to  induce  blast  transformation  and  the  progeny  cells  exhibited 
increased  cytotoxicity  compared  to  desialylated  lymphocytes  cultured  in  the 
absence  of  HBP.   Having  shown  that  isolated  rabbit  hepatocytes  contained 
exposed  HBP  in  their  surface  membrane,  it  was  found  that  a  much  greater  pro- 
portion of  these  cells  lost  their  ability  to  adhere  to  plastic  after  incuba- 
tion with  desialylated  lymphocytes  than  after  incubation  with  normal  untreated 
lymphocytes.   This  effect  of  desialylated  lymphocytes  was  specifically  inhibit- 
ed by  asialo-orosomucoid,  a  desialylated  glycoprotein,  but  not  by  intact 
orosomucoid.   These  findings  indicate  that  HBP  can  mediate  MICC  not  only  as  a 
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purified  protein  but  also  as  a  constituent  of  the  surface  membrane  of  a 
mammalian  hepatocyte. 

2.   The  selective  hepatic  uptake  of    Cr-labeled  desialylated  lympho- 
cytes has  been  demonstrated  in  the  rabbit.   This  phenonenon  does  not  appear 
to  be  due  to  the  specific  interaction  between  galactosyl  residues  on 
desialylated  lymphocytes  and  the  hepatic  binding  protein  which  specifically 
recognizes  exposed  galactosyl  residues  on  desialylated  glycoproteins,  since 
sinusoidal  cells,  which  come  into  contact  with  circulating  desialylated 
lymphocytes  do  not  bind  desialylated  glycoproteins  and  hence  do  not  bear 
hepatic  binding  protein.   Naturally  occurring  antibodies  exist  in  normal 
plasma  which  specifically  recognizeantigens  exposed  on  the  surface  of 
lymphocytes  by  desialylation.   These  antibodies  probably  do  not  mediate  the 
selective  hepatic  uptake  of  desialylated  lymphocytes  through  the  action  of 
complement  as  complement  depletion  of  rabbits  was  without  effect  on  the 
process.   However,  preincubation  of  labeled  desialylated  lymphcoytes  with  IgG 
Fab  fragments  reduced  the  hepatic  uptake  of  these  cells  to  that  of  normal 
lymphocytes  suggesting  that  the  Fab  fragments  were  able  to  bind  to  exposed 
antigens  on  desialylated  lymphocytes  and  inhibit  binding  of  circulating 
antibodies  to  these  antigens.   These  findings  suggest  that  the  selective 
hepatic  uptake  of  desialylated  lymphocytes  is  mediated  by  Fc  receptors  on 
Kupffer  cells. 

Significance  to  Biomedical  Research: 

The  importance  of  this  study  lies  in  the  fact  that  for  the  first  time 
Mice  has  been  shown  to  be  mediated  by  a  normal  constituent  of  the  surface 
membrane  of  a  mammalian  cell.   The  results  demonstrate  that  a  minor  structural 
change  in  the  surface  membrane  of  lymphocytes  might  result  in  their  becoming 
cytopathogenic  when  exposed  to  normal  hepatocytes,  suggesting  that  MICC  may 
be  a  mechanism  of  hepatocellular  injury.   This  observation  raises  the  possi- 
bility that  interaction  between  a  variety  of  constituents  of  normal  cell 
membranes  and  lyrophocytes  whose  surface  membranes  have  undergone  subtle  struc- 
tural changes  may  be  a  mechanism  of  immune-mediated  cellular  injury  in  human 
disease.   The  clearance  of  desialylated  lymphocytes  by  Fc  receptors  on 
Kupffer  cells  in  vivo  may  prevent  the  mediation  of  hepatocellular  injury  as  a 
result  of  the  interaction  of  desialylated  lymphocytes  with  HBP.   These 
observations  may  be  particularly  significant  since  the  enzyme  responsible  for 
desialylation,  neuraminidase,  appears  to  be  widely  distributed  in  vivo  and 
to  occur  in  pathogenic  organisms  such  as  the  influenza  virus. 

Proposed  Course: 

The  subpopulations  of  lymphocytes  which  mediate  the  immunologic  effects 
of  HBP  will  be  determined. 

Publications: 

1.   Vierling,  J.M.,  Steer,  C.J.,  Hickman,  J.W. ,  James,  S.P.,  and  Jones, 
E.A.:   Cell  mediated  cytotoxicity  of  desialylated  human  l3^phocytes 
induced  by  a  mitogenic  mammalian  liver  protein.   Gastroenterology, 
1978,  in  press. 
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Project  Description: 

Objectives: 

To  determine  whether  the  interaction  between  hepatocytes  and  collagen 
may  be  abnormal  in  chronic  hepatocellular  disease.   The  ultimate  objectives 
of  this  project  is  to  define  the  factors  responsible  for  the  laying  down 
of  increased  quantities  of  collagen  in  the  liver  in  chronic  liver  diseases 
and  to  determine  how  the  progression  of  hepatic  fibrosis  might  be  inhibited 
or  prevented . 

Methods  Employed: 

1)  The  induction  of  hepatic  fibrosis  in  rats  using  carbon  tetrachloride. 

2)  The  preparation  of  suspensions  of  cells  from  rat  livers  perfused 
with  a  solution  containing  collagenase  and  the  subsequent  isolation  of  pure 
preparations  of  hepatocytes  by  density  sedimentation. 

3)  Cultures  of  hepatocytes  with  different  types  of  collagen. 

4)  Immunof luorescent  staining  of  cells  with  antibodies  specific  for 
different  procollagens. 

3 

5)  Measurements  of  the  incorporation  of  the  label  of  H-proline  into 

proteins  synthesized  by  hepatocytes. 
Major  Findings: 

1)  Attachment  of  hepatocytes  from  normal  rats  to  collagen  was  enhanced 
four-fold  by  the  presence  of  serum  or  fibronectin,  the  glycoprotein  required 
for  fibroblast  attachment  to  collagen. 

2)  In  the  absence  of  fibronectin  hepatocytes  adhered  best  to  basement 
membrane  collagen  (type  IV) . 

3)  Periodate  oxidation  of  collagen  abolishes  its  binding  to  hepatocytes 
suggesting  that  the  carbohydrate  moiety  of  collagen  may  be  involved  in  the 
binding. 

4)  Hepatocytes  isolated  from  rats  with  hepatic  fibrosis  bind  to 
collagen  less  avidly  that  do  those  from  normal  rats. 

5)  Procollagens  were  not  demonstrated  immunofluorescently  in  hepato- 
cytes but  were  found  in  cells  with  f ibroblastoid  morphology. 

6)  Hepatocytes  from  normal  rats  and  from  rats  with  hepatic  fibrosis 
do  not  appear  to  synthesize  collagen. 


(   * 
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Significance  to  Biomedical  Research: 

Hepatic  fibrosis  is  a  major  component  of  the  disturbed  hepatic 
architecture  in  most  chronic  liver  diseases.   In  cirrhosis  it  is  associated 
with  the  development  of  portal  hypertension  and  episodes  of  bleeding  into 
the  gastrointestinal  tract  from  esophageal  varices.   This  project  is  designed 
to  investigate  the  pathogenesis  of  the  abnormal  laying  down  of  collagen  and 
fibrosis  in  the  liver  in  chronic  liver  disease.   The  results  obtained  may 
suggest  means  of  decreasing  the  rate  of  progression  of  hepatic  fibrosis  or 
preventing  it  altogether. 

Proposed  Course: 

Data  from  recent  studies  are  being  analyzed.   No  further  studies  are 
being  planned  at  this  time. 

Publications:   None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  binding  of  radiolabeled  modified  glycoproteins  to  parenchymal  and  non- 
parenchymal  cell  preparations  isolated  from  the  perfused  rat  liver  has  been 
studied.   Hepatocytes  possess  receptors  for  glycoproteins  with  galactose,  N- 
acetylglucosamine  and  mannose  as  the  terminal  sugar  residue.   Non-parenchymal 
cells  lack  a  receptor  for  galactose-terminated  glycoproteins  but  specifically 
bind  N-acetylglucosamine  and  mannose-terminated  glycoproteins.   The  effect  of 
modifying  the  carbohydrate  moiety  of  glucocerebrosidase  on  the  distribution  of 
its  cellular  uptake  after  intravenous  infusion  into  rats  was  studied.   The 
carbohydrate  moiety  of  this  enzyme  could  be  modified  without  loss  of  enzyme 
activity.   Galactose-terminated  glucocerebrosidase  was  selectively  taken  up 
by  hepatocytes.   Exposure  of  N-acetylglucosamine  or  mannose  residues  markedly 
augmented  the  uptake  of  the  enzyme  by  Kupffer  cells.   Their  ability  to  manipu- 
late the  cellular  distribution  of  an  infused  enzyme  may  be  of  importance  in 
enzyme  replacement  therapy. 
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Project  Description: 

Objectives: 

This  study  was  designed  to  determine  whether  r_eceptors  for  modified 
glycoproteins,  other  than  that  previously  described  for  galactose-terminated 
glycoproteins  (HBP),  exist  in  the  mammalian  liver.   It  was  also  designed 
to  assess  the  distribution  of  receptors  for  modified  glycoproteins,  including 
HBP,  between  parenchymal  and  non-parenchymal  hepatic  cells.   Finally,  the 
potential  implications  of  these  receptors  to  clinical  medicine  has  been 
the  subject  of  additional  studies.   In  particular,  the  effects  of  modifying 
the  carbohydrate  moiety  of  glucocerebrosidase,  the  enzyme  deficient  in 
Gaucher 's  disease,  on  its  cellular  distribution  after  infusion  has  been 
determined . 

Methods  Employed: 

1)  Parenchymal  and  non-parenchymal  hepatic  cells  are  isolated  from 
the  perfused  rat  liver  by  enzymatic  and  density  gradient  techniques. 

2)  For  binding  studies,  the  carbohydrate  moiety  of  native  glycoproteins 
was  modified  by  incubations  with  appropriate  enzymes  (neuraminidase,  B- 
galactosidase,  N-acetylglucosaminidase)  . 

3)  Glucocerebrosidase  activity  was  assayed  in  detergent  buffered 
extracts  of  sonicated  cells. 

Major  Findings: 

1)  Significant  binding  activity  of  galactose,  N-acetylglucosamine  and 
mannose-terminated  orosomucoid  was  denatured  by  intact  hepatocytes.   Non- 
parenchymal  cells  did  not  bind  galactose-terminated  orosomucoid  but  bound 
significant  amounts  of  N-acetylglucosaraine  and  mannose-terminated  orosomucoid, 
Thus,  Kupffer  cells  lack  a  receptor  for  galactose-terminated  glycoproteins. 
Carrier  dilution  studies  indicated  the  presence  of  a  distinct  receptor  for 
galactosyl-terminated  glycoproteins  on  hepatocytes  whereas  binding  of  N- 
acetylglucosamine  and  mannose-terminated  glycoproteins  could  have  been  to 
shared  or  separate  receptors  or  both  parenchymal  and  non-parenchymal  cells. 

2)  The  carbohydrate  moiety  of  the  enzyme  glucocerebrosidase  can  be 
modified  without  the  glycoprotein  losing  enzyme  activity.   Galactose- 
terminated  glucocerebrosidase  is  preferentially  taken  up  by  hepatocytes. 
Exposure  of  N-acetylglucosamine  or  mannose  sugar  residues  markedly  augments 
the  uptake  of  glucocerebrosidase  by  non-parenchymal  hepatic  cells. 

3)  Hepatocytes  contain  90%  or  more  of  the  hydrolases  of  complex  lipids 
present  in  rat  liver. 

Significance  to  Biomedical  Research: 

Hepatic  receptors  for  glycoproteins  with  different  terminal  sugar 
residues  may  be  of  importance  in  the  catabolism  of  glycoproteins  and  in 
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uptake  of  cells  with  modified  glycoproteins  on  their  surface  membrane.   The 
ability  to  manipulate  the  cellular  distribution  of  an  infused  glycoprotein 
enzyme  by  modifying  its  carbohydrate  moiety  may  be  of  major  clinical 
importance  in  enzyme  replacement  therapy.   For  instance,  in  Gaucher 's 
disease,  in  which  there  is  a  deficiency  of  the  enzymes  glucocerebrosidase, 
glucocerebroside  accumulates  in  Kupffer  cells.   Increased  uptake  of  infused 
glucocerebrosidase  by  Kupffer  cells  may  be  achieved  by  exposing  N- 
acetylglucosamine  or  mannose  as  the  terminal  sugar  of  the  carbohydrate 
moiety. 

Proposed  Course: 

It  is  planned  to  determine  the  intracellular  distribution  of  receptors 
for  modified  glycoproteins  in  parenchymal  and  non-parenchymal  cells  from 
rat  liver  and  to  isolate  these  receptors  using  affinity  chromatography. 

Publications: 

1.  Furbish,  F.S.,  Steer,  C.J.,  Barranger,  J. A.,  Jones,  E.A.,  and  Brady, 
R.O.:   The  uptake  of  native  and  desialylated  glucocerebrosidase  by 
rat  hepatocytes  and  Kupffer  cells.   Biochem.  Biophys.  Res.  Commun. 
81:   1047-1053,  1978. 

2.  Steer,  C.J.,  Furbish,  F.S.,  Barranger,  J. A.,  Brady,  R.O.,  and  Jones, 
E.A.:   The  uptake  of  agalacto-glucocerebrosidase  by  rat  hepatocytes 
and  Kupffer  cells.   FEBS  Letters,  1978,  in  press. 

3.  Barranger,  J. A.,  Penchev,  P.G.,  Furbish,  F.S.,  Steer,  C.J.,  Jones,  E.A., 
and  Brady,  R.O,:   Studies  of  lysosomal  function.   I.   Metabolism  of 
some  complex  lipids  by  isolated  hepatocytes  and  Kupffer  cells.   Biochem. 
Biophys.  Res.  Commun.,  1978,  in  press.' 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Gallbladder  bile  lipid  comoosition,  bile  acid  composition,  bile  acid 
pool  size  and  turnover  rates  were  measured  in  6  normal  humans  before 
and  during  a  4-6  day  fast.  One  subject  admitted  for  this  project  was 
found  to  have  endometrial  carcinoma  and  had  biliary  lipid  studies  before 
and  after  bilateral  oophorectomy.  Also,  bile  acid  pool  sizes  measured 
in  a  group  of  52  normal  subjects  studied  under  baseline  conditions  in 
this  and  several  related  projects  were  analyzed  in  relationship  to  sex, 
body  size  and  bile  s.^  turaticn. 
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Project  Description: 

Objectives :  Isotope  dilution  techniques  were  used  to  measure  bile  acid 
turnover  and  pool  size  in  the  fed  state  and  again  after  a  four  to  six  day 
fast  in  six  subjects.  In  addition,  bile  acid  pool  size  and  bile  composition 
were  measured  before  and  after  oophorectomy  in  a 


premenopausal  woman.       ^ 


Methods  Employed:  Isotopic  cholic  acid  was  administered  intragastrically, 
and  bile  acid  pool  size  computed  from  bile  acid  specific  activity  determined 
in  bile  obtained  the  next  day  by  duodenal  siphonage.  Lipid  composition  of 
bile  and  bile  acid  composition  were  determined  by  standard  technics. 

Major  Findings:  Castration  was  accompanied  by  an  expansion  of  the  bile 
acid  pool  and  a  decrease  in  bile  cholesterol  saturation.  Also,  among 
healthy  normal  control  subjects,  chenodeoxychol ic  acid  and  total  bile  acid 
pools  are   significantly  smaller  in  women  than  men.  The  size  of  the  cheno- 
deoxycholic  acid  pool,  but  not  the  total  bile  acid  pool,  bears  an  inverse 
relationship  to  bile  cholesterol  saturation.  , 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
These  findings  suggest  a  biochemical  basis  for  the  excess  prevalence  of 
cholesterol  gallstones  observed  among  women,  and  suggest  that  ovarian  hor- 
mones influence  bile  acid  and  cholesterol  metabolism  with  resultant  pro- 
duction of  lithogenic  bile. 

_  Proposed  Course:  Project  has  been  discontinued.  ^_'. 

Publ ications: 

1.  Bennion,  L.J.:  Changes  in  Bile  Lipids  Accompanying  Oophorectomy 
in  a  Premenopausal  Woman.  N.  Engl  .  J.  Med.  297:700-711,  1977. 

2.  Bennion,  L.J.,  Drobny,  E.,  Knowler,  W.C,  Ginsberg,  R.L., 
Garnick,  M.B.,  Adler,  R.D.  and  Duane,  W.C:  Sex  Differences 
in  the  Size  of  Bile  Acid  Pools.  Metabolism  (in  press). 
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SUMMARY  OF  WORK  (200  -ords  or  less  -  ur.derline  keyvsords) 

Populations  ingesting  a  high  fiber  content  in  their  diet  are  reputed  to 
have  a  lower  incidence  of  cholesterol  cholelithiasis.  Consequently,  we 
measured  gallbladder  bile  lipid  composition  and  bile  acid  composition  in 
5  normal  humans  after  ingestion  of  a  low  bran  diet  and  again  after  ingestion 
of  an  otherwise  identical  high  bran  diet  to  determine  the  effects  of  dietary 
fiber  on  bile  composition. 
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Project  Description: 

Objectives :  Recent  observations  have  suggested  an  association  of 
cholesterol  gallstones  and  diets  high  in  refined  carbohydrate  content  and 
low  in  bulk  constituents.  Diets  high  in  fiber  have  also  been  associated 
with  large  total  bile  acid  pool  sizes  in  man  as  well  as  an  increased  pro- 
portion of  chenodeoxychol ic  acid  in  bile.  The  purpose  of  the  present  study 
was  to  investigate  the  effect  of  a  high  bran  (fiber)  diet  on  the  cholesterol 
content  of  gallbladder  bile. 

Methods  Employed:  Gallbladder  bile  was  collected  from  normal  humans 
before  and  after  a  4-8  week  period  of  high  fiber  (bran)  consumption. 
The  bile  was  analyzed  for  the  relative  proportions  of  cholesterol,  bile 
acid,  and  phospholipid  content  as  well  as  the  proportions  of  individual 
bile  acid  species  comprising  the  total  bile  acid  pool. 

Major  Findings:  No  significant  changes  in  bile  composition  resulted 
from  ingestion  of  a  high  bran  diet  for  4-8  weeks. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
It  is  unlikely  that  the  lower  prevalence  of  cholelithiasis  in  populations 
eating  large  amounts  of  fiber  is  attributable  to  the  fiber  content  of  the 
diet.  Increasing  dietary  fiber  intake  does  not  appear  useful  for  the 
prevention  of  cholelithiasis. 

Proposed  Course:  The  investigation  has  been  completed.  The  findings 
are  being  published  and  the  project  Is  terminated. 

Publications: 


Garnick,  M.B.,  Ginsberg,  R.L.,  Hendrikx,  M.E.,  and  Bennett,  P.H.: 
Dietary  fiber  and  biliary  lipid  composition.  Amer.  J_.  CI  in.  Nutrition 
(in  press) . 
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SUMMARY  OF  i^ORK  (200  words  or  less  -  underline  keywords) 

Oral  contraceptives  were  previously  shown  to  induce  an  abnormal  cortisone 
glucose  tolerance  in  subjects  who  had  otherwise  normal  oral  glucose 
tolerance  tests.  To  investigate  the  mechanisms  of  this  change,  subjects 
planning  to  start  or  stop  oral  contraceptives  were  tested  by  means  of  an 
oral  glucose  tolerance  test  and  cortisone  glucose  tolerance  test  with 
the  measurement  of  glucose  and  insulin  responses  during  each  test,  both 
before,  during  and  after  taking  oral  contraceptives. 
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Project  Description: 

Objectives:  The  effect  of  oral  contraceptives  on  carbohydrate  metabolism 
has  stimulated  much  Interest,  but  In  spite  of  the  substantial  amount  of 
research  the  results  have  been,  in  some  instances,  contradictory.  M 

The  study  was  designed  to  verify  and  further  investigate  our  observation 
of  an  abnormal  cortisone  glucose  tolerance  test  in  subjects  on  combined  oral 
contraceptives  in  the  presence  of  normal  oral  glucose  tolerance  test. 

Methods  Employed:  Female  volunteers  (with  a  negative  family  history  for 
diabetes)  who  were  planning  to  start  or  to  stop  oral  contraceptives  were 
studied.  An  oral  glucose  tolerance  test  and  a  cortisone  glucose  tolerance 
test  were  performed  on  each  woman  while  on  oral  contraceptives  and  again 
after  stopping  them  or  vice  versa. 

Major  Findings:  Although  the  oral  glucose  tolerance  test  was  similar 
in  each  woman  on  or  off  oral  contraceptives,  plasma  glucose  levels  during 
the  cortisone  glucose  tolerance  test  were  consistently  higher  while  on  oral 
contraceptives.  Serum  insulin  levels  were  measured  during  each  of  the 
testing  periods. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
This  study  should  delineate  the  effects  of  oral  contraceptives  on  glucose 
and  insulin  response  during  the  oral  glucose  tolerance  test  and  the  cortisonei 
glucose  tolerance  tests.  _  ^ 

Proposed  Course:  Ten  women  have  been  completely  tested.  The  data  are 
being  prepared  for  publication. 

Publications:  None 
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SUMMARY  OF  .VORK  (200  «ords  or  less  -  underline  keywords) 

Southwestern  American  Indians  have  lower  serum  cholesterol  levels  and 

lower  prevalence  of  atherosclerosis  than  Caucasian  control  groups. 

To  characterize  these  differences,  we  studied  the  lipoprotein  cholesterol 


content  and  the  kinetics  of  radiolabel led  autologous  low  density 
1 ipoprotein  in  Southwestern  American  Indians  and  controls. 
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Project  Description: 

Objectives:  The  low  serum  cholesterol  levels  and  low  prevalence  of 
atherosclerosis  In  southwestern  American  Indians  compared  to  non-Indian 
populations,  as  well  as  the  abnormalities  in  LDL  kinetics  observed  in       M 
subjects  with  Type  II  hypercholesterolemia,  provoked  us  to  study  LDL        W 
kinetics  in  American  Indians. 

Methods  Employed: 

1.  Patients  were  stabilized  on  a  low  cholesterol,  low  saturated  fat 
diet  for  three  weeks. 

2.  LDL  was  Isolated  from  p]^sma  by  ul tracentrifugatlon. 

3.  LDL  was  iodinated  with  ''^^I  by  the  iodine  monochloride  method. 

4.  The  preparation  was  tested  for  immunologic  purity  (agarose  gel 
electrophoresis),  pyrogens  and  sterility  according  to  U.S. P. 
standards . 

5.  The  radio-labelled  preparation  was  injected  intravenously;  plasma 
decay  curves  and  urinary  excretion  of  radioactivity  were  measured 
dally  to  determine  the  T  1/2  and  FCR,  LDL  synthetic  rate. 

Major  Findings:  The  absolute  synthetic  rate  and  total  pool  of  apo-LDL 
were  significantly  lower  in  the  Indians  than  Caucasians.  In  addition,  con- 
centrations apo-LDL  and  LDL  cholesterol  were  significantly  lower  and  the     ^ 
concentration  of  HDL  cholesterol  was  higher  in  Indians  than  Caucasians.     ^^ 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  findings  help  explain  the  low  prevalence  of  coronary  artery  disease 
among  southwestern  American  Indians,  and  reinforce  the  current  notion  that 
low  levels  of  LDL  and  high  levels  of  HDL  protect  against  ASCVD.  They  also 
elucidate  the  mechanisms  responsible  for  the  low  levels  of  LDL  cholesterol 
observed  among  Southwestern  American  Indians. 

Proposed  Course:  Studies  of  VLDL  metabolism  in  this  population  are 
planned. 

Publcations: 

Garnick,  M.B.,  Bennett,  P.H.,  Langer,  T.:  Low  Density  Lipoprotein 
Metabolism  and  Lipoprotein  Cholesterol  Composition  in  American  Indians. 
J.  Lipid  Research  (In  press). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Lipid  composition  of  gallbladder  bile,  bile  acid  pool  size  and  sex  hormone 
levels  were  measured  in  66  Pima  Indians  aged  10  to  22  years  in  order  to 
determine  the  age  of  onset  of  lithogenic  bile  in  this  population  noted  for 
a  high  prevalence  of  cholesterol  gallstones.  Bile  acid  pool  size  is 
measured  by  isotope  dilution  using  deuterated  chenodeoxychol ic  acid,  and 
gallbladder  bile  is  obtained  by  duodenal  siphonage  after  stimulation  of 
gallbladder  contraction.  Changes  in  bile  lipids  and  bile  acid  pool  size 
were  examined  in  relation  to  age,  sex,  hormone  levels,  body  size,  and 
pubertal  development. 
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Project  Description: 


Objectives :  The  lipid  composition  of  gallbladder  bile,  bile  acid  pool 
size  and  sex  hormone  levels  will  be  determined  in  Pima  Indians  of  each  sex 
between  10  and  22  years  of  age. 

Methods  Employed:  Bile  is  obtained  by  duodenal  siphonage  after  stimu- 
lation  of  gallbladder  contraction  by  intraduodenal  infusion  of  amino  acids. 
Chenodeoxychol ic  acid  pool  size  is  measured  by  the  mass  ratio  of  deuterated 
chenodeoxychol ic  acid  to  native  chenodeoxychol ic  acid  in  the  bile  twelve 
hours  after  the  intragastric  administration  of  dideuterochenodeoxychol ic 
acid.  Determination  of  bile  acid  composition  by  gas-liquid  chromatography 
permits  calculation  of  total  bile  acid  pool  size  from  the  chenodeoxychol ic 
acid  pool  size  determined  as  above  by  mass-spectrometry .  Bile  lipid  compo- 
sition is  determined  by  standard  chemical  methods  and  expressed  as  percent 
saturation  with  cholesterol.  Correlations  of  bile  composition  and  bile  acid 
pool  size,  blood  levels  of  sex  hormones,  age,  pubertal  development,  body 
size,  sex  and  plasma  lipoproteins  are  evaluated  by  multiple  regression 
analysis. 

Major  Findings:  Lithogenic  bile  is  an  acquired,  rather  than  congenital, 
condition  among  Pima  Indians.  Lithogenicity  of  bile  increases  during 
pubertal  growth  and  development.  Bile  saturation  is  positively  correlated 
with  urinary  estrogen  excretion.  Bile  saturation  is  higher  in  women  than 
men.  Bile  acid  pool  size  increases  during  pubertal  growth  and  development 
in  males,  but  not  in  females. 


t 


Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  data  indicate  that  the  exceedingly  high  rate  of  gallstone  formation 
among  Pima  Indians  is  not  due  to  an  inborn  defect  in  lipid  metabolism  re- 
sulting in  highly  saturated  bile  present  from  birth,  but  rather,  that  highly 
saturated  bile  is  a  trait  acquired  during  the  teen-age  years.  Its  development 
correlates  with  increasing  age  and  urinary  estrogen  excretion.  The  finding 
of  more  highly  saturated  bile  in  females  than  males  suggests  that  the  cause, 
and  therefore  the  potential  prevention,  of  the  excess  prevalence  of  gall- 
stones among  women,  is  in  the  chemical  composition  of  their  bile,  rather 
than  in  gallbladder  motility  or  some  other  factor  related  to  gallstone 
formation.  Since  lithogenic  bile  does  not  develop  prior  to  puberty,  efforts 
to  intervene  in  the  natural  history  of  cholesterol  gallstone  formation,  by 
preventing  the  production  of  lithogenic  bile,  should  begin  with  Pimas  in 
their  teen-age  years.  The  sex  difference  observed  in  the  effects  of  age  on 
bile  acid  pool  size  suggests  that  bile  acid  supplementation,  as  with  cheno- 
deoxychol ic  acid,  may  be  helpful  in  reducing  the  excess  rate  of  gallstone 
formation  characteristic  of  women.  Comparison  of  these  data  to  previously   |i 
obtained  cholecystographic  data  in  the  same  Pima  population  suggests  that   ^ 
there  is  a  lag  period  of  approximately  8  years  in  Pima  women  between  the 
onset  of  lithogenic  bile  and  the  appearance  of  clinically  detectable  gall- 
stones. 
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Proposed  Course:  These  cross-sectional  studies  should  be  followed  up 
with  longitudinal  studies  of  the  same  individuals  to  trace  the  sequential 
development  of  lithogenic  bile  and  cholesterol  gallstones,  in  hopes  of 
identifying  causative  and  reversible  factors  in  the  pathogenesis  of 
cholesterol  gallstones. 

Publications :  The  results  are  being  submitted  for  publication. 


826 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl  AM  54,016-03  DD 


I 


PERIOD    COVERED 

October  1.  1977  to  September  30,  1978 


TITLE  OF  PROJECT  (80  characters  or  less) 

High  Density  Lipoprotein  Cholesterol  in  Indians  and  Caucasians 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI:     B.V.  Howard,  Research  Biochemist 
Other:  P.J.  Savage,  Staff  Physician 
P.H.  Bennett,  Chief 


PCRS,  NIAMDD 
SPSS,  NIAMDD 
PCRS,  NIAMDD 


COOPERATING  UNITS  (if  any) 

R.H.    Linger,   Univ.    of  Texas,   Southwestern  Medical   School,   Dallas 


lab/branch 

Digestive  Diseases  Branch 


SECTION 

Phoenix  Clinical  Research  Section 


t 


INSTITUTE  AND  LOCATION 

NIAMDD,  NIH,  Phoenix,  Arizona  85016 


TOTAL  MANYEARS: 


0.4 


PROFESSIONAL: 

0.2 


OTHER: 


0.2 


CHECK  APPROPRIATE  BOX(ES) 
B  (a)   HUMAN  SUBJECTS 

□  (a1  )  MINORS   □  (a^)  INTERVIEWS 


n  (b)  HUMAN  TISSUES 


NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Recent  studies  have  implicated  the  importance  of  high  density  lipoprotein 
cholesterol  as  being  an  independent  risk  factor  in  the  genesis  of  athero- 
sclerosis. Studies  have  shown  that  individuals  with  a  low  amount  of  high 
density  lipoprotein  cholesterol  tend  to  be  at  more  risk  for  the  development 
of  ischemic  heart  disease  and  myocardial  infarction.  We  are   studying 
lipoprotein  composition  in  Indians  and  Caucasians.  Cholesterol  and  triglyce- 
rides are  being  measured  in  high  density  lipoproteins  as  well  as  other  lipo- 
protein subclasses  isolated  by  ul tracentri  fu gat  ion .  These  parameters  are 
being  compared  in  groups  of  normal  and  diabetic  Indians  with  and  without 
coronary  artery  disease,  and  the  influence  of  therapy  is  being  assessed. 
In  addition,  free  fatty  acid  levels  are  being  studied  because  of 
their  precursor  relationship  to  lipoproteins  and  their  reflection  of  insulin 
action.  From  this  study  we  will  attempt  to  determine  if  diabetes  is 
associated  with  changes  in  serum  lipoproteins,  and  to  delineate  the  importance 
of  high  density  lipoprotein  cholesterol  values  in  the  pathogenesis  of 
ischemic  heart  disease. 
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Project  Description: 
Objectives: 

1 .  Studies  of  the  relationship  between  HDL  cholesterol  and  ischemic  heart 
disease.  Recent  studies  have  suggested  there  may  be  a  relationship 
between  HDL  cholesterol  levels  and  atherosclerotic  heart  disease.  Our 
objective  is  to  quantify  HDL  levels  in  a  series  of  normal  and  diabetic 
Indians  with  and  without  coronary  artery  disease.  Study  of  HDL  in  this 
defined  population  should  yield  information  on  the  role  of  this  lipo- 
protein in  the  etiology  of  atherosclerosis. 

2.  Determination  of  lipoprotein  composition  in  normal  and  diabetic  Indians. 
Previous  studies  have  yielded  data  on  total  serum  cholesterol  and  tri- 
glyceride levels  in  the  Pima  Indian  population.  In  this  study  lipoprotein 
classes  will  be  isolated  by  ul tracentrifugation  and  cholesterol  and 
triglyceride  quantitated  in  the  isolated  lipoproteins.  These  parameters 
will  be  compared  in  normal  and  diabetic  individuals,  and  in  diabetics 
before  and  after  therapy  to  determine  if  diabetes  is  associated  with 
changes  in  lipoprotein  composition. 

Major  Findings : 

1 .  Studies  on  the  relationship  between  HDL  cholesterol  and  ischemic  heart 
disease.  Samples  from  nineteen  patients  seen  either  at  the  Phoenix 
Indian  Medical  Center  or  other  area  Indian  Health  Service  facilities  and 
having  documented  evidence  of  myocardial  infarct  have  been  obtained  to 
assess  lipoprotein  cholesterol  and  triglyceride  levels.  The  preliminary 
data  on  this  sample  indicates  these  individuals  have  significantly 
elevated  triglyceride  levels.  This  data  requires  the  recruitment  of 
suitable  controls  before  it  can  be  analyzed. 

The  heparin-manganese  chloride  method  for  isolating  HDL  has  been 
employed  to  assay  total  cholesterol  and  HDL  levels  from  frozen  plasma 
samples  obtained  from  individuals  with  documented  evidence  of  altered 
EKG  changes.  Controls  matched  for  sex,  age,  and  diabetic  status  were 
also  selected  from  the  general  population  for  similar  assays.  The 
data  indicated  that  the  individuals  with  altered  EKG  profiles  had 
lower  HDL  levels  than  the  controls.  However,  HDL  levels  in  all  cases 
were  lower  than  the  preliminary  data  that  we  have  for  those  age  groups 
using  fresh  plasma.  This  suggested  that  the  heparin-manganese  method 
might  not  be  effective  for  frozen  samples  stored  for  long  term. 

2.  Determination  of  lipoprotein  composition  in  normal  and  diabetic  Indians. 

a.  Comparison  of  diabetics  and  non-diabetics.  The  data  has  been  analyzed 
for  a  select  group  of  females  between  20-35  years  of  age,  and 
significant  decreases  in  HDL  cholesterol  as  well  as  other  lipoprotein 
cholesterol  and  triglyceride  changes  have  been  observed  in  the  diabetic 
groups  (Publication  #2). 
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Influence  of  diet  therapy  on  lipoproteins.  Plasma  lipoprotein 
cholesterol  and  triglyceride  levels  were  measured  in  24  obese  Pima 
Indian  diabetics  before  and  after  1-8  months  on  a  500  calorie  diet. 
After  the  period  of  weight  loss  total  plasma  cholesterol  had  declined 
greater  than  20%  and  LDL  cholesterol  decreased  25%.   (Table  1)  The 
ratio  of  HDL  to  LDL  cholesterol  was  significantly  increased  in  all 
diabetics  studied.  Plasma  total  and  VLDL  triglyceride  levels  also 
decreased  in  all  those  with  initial  triglyceride  levels  greater  than 
150  mg/dl .  The  increases  in  HDL  to  LDL  cholesterol  in  the  diabetics 
correlated  significantly  with  the  changes  in  2  hr.  post-load  glucose 
levels  suggesting  that  the  change  in  lipoprotein  cholesterol  distribu- 
tion was  induced  by  improved  glucose  tolerance.  The  results  indicate 
that  weight  loss  in  maturity  onset  diabetics  not  only  improves  glucose 
tolerance  but  also  reverses  the  plasma  lipid  changes  associated  with 
this  disorder. 

Free  fatty  acid  levels  during  glucose  tolerance  testing  in  diabetics. 
Changes  in  free  fatty  acid  and  insulin  levels  during  OGTT  and  IVGTT 
have  been  determined  in  12  obese  Pima  Indians  with  severe  diabetes, 
six  obese  Pimas  with  mild  diabetes,  11  obese  non-diabetic  Pimas,  and 
10  obese  non-diabetic  Caucasians.  During  OGTT,  the  free  fatty  acid 
declines  and  the  severe  diabetics  were  of  the  same  magnitude  as  those 
of  the  Pima  and  Caucasian  non-diabetics  (278±55  vs.  284±32  and  262±43 
yEq/ml ) .  This  occurred  despite  an  insulin  increment  in  the  diabetics 
of  only  7±2  yU/ml  as  compared  to  252±34  and  75±18  for  the  Pima  and 
Caucasian  controls.  IVGTT  in  the  severe  diabetics  produced  no  insulin 
response  and  free  fatty  acids  did  not  decline.  In  the  less  severe 
diabetics  increments  in  insulin  averaged  15+4  yU/ml  during  IVGTT, 
while  free  fatty  decreases  were  214±53  yEq/ml .  This  was  again  similar 
to  Pima  and  Caucasian  controls  whose  free  fatty  acid  changes  were 
234+37  and  183+51  with  insulin  responses  of  216±23  and  124±56  yU/ml , 
respectively.  Assay  of  plasma  glycerol  showed  declines  parallel  to 
those  of  free  fatty  acids,  indicating  that  the  free  fatty  acid  changes 
in  the  diabetic  were  attributable  to  inhibition  of  lipolysis  rather 
than  to  increased  removal.  These  findings  demonstrate  marked  sensi- 
tivity to  the  anti 1 ipolytic  effects  of  insulin  in  individuals 
considered  to  be  resistant  to  its  glucose-lowering  action. 

Table  1 


Group 

Parameter 

Initial 

Final 
(mg/dl) 

Change 

P 

All  Diabetics 

Total  Choi 

es 

terol 

202±8.5 

165+5.6 

38±6.1 

<.0005 

N=24 

VLDL 

11 

24±3.5 

25±1.5 

0.1±2.3 

n.s. 

LDL 

11 

133+7.5 

99±4.7 

34±5.2 

<.0005 

HDL 

II 

41±1.6 

39±1.5 

l.±1.8 

n.s. 

HDL/LDL 

It 

0.32±0.02 

0.41+0.02 

0.09±0.02 

<.0005 

Total/HDL 

5.2±0.28 

4.3±0.15 

0.89±0.23 

<.0005 
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Proposed  Course: 

1 .  Studies  of  the  relationship  between  HDL  cholesterol  and  ischemic  heart 
disease. 

a.  Controls  for  MI  patients.  In  order  to  evaluate  the  significance  of  the 
increased  triglyceride  levels  observed  in  the  plasma  samples  obtained 
from  the  Indians  who  had  myocardial  infarctions,  suitable  controls 

are  required.  These  are   being  selected  to  match  the  MI  patients  with 
respect  to  sex,  age,  weight,  diabetic  status,  diabetic  treatment  and 
tribe.  Lipoprotein  cholesterols  and  triglycerides  will  be  measured 
in  plasma  from  these  individuals  and  compared  to  the  values  observed 
in  the  myocardial  infarct  patients. 

b.  Heparin-manganese  methodology.  The  efficacy  of  the  heparin-manganese 
chloride  method  for  HDL  isolation  will  be  evaluated  in  terms  of  the 
length  of  time  of  storage  of  fresh  or  frozen  plasma  samples.   In 
addition,  patients  with  abnormal  EKG  changes  are  being  identified  from 
whom  are  available  frozen  plasma  samples  less  than  2  years  old.  Total 
cholesterol  and  HDL  cholesterol  will  be  evaluated  in  these  samples  and 
compared  to  weight  matched  controls. 

2.  Determination  of  lipoprotein  composition  in  normal  and  diabetic  Indians. 

a.  Comparison  of  non-diabetics  and  diabetics.  Assays  of  lipoprotein 
cholesterol  and  triglyceride  are  being  continued  in  order  to  extend 
the  above  findings  to  other  sex  and  age  groups  in  the  normal  and 
diabetic  population.  These  individuals  are  being  selected  randomly 
from  the  field  study  population. 

b.  Effect  of  diet  on  cholesterol  levels.  One  of  the  possible  explanations 
fo)"  the  lower  cholesterol  levels  observed  in  the  Pima  Indians  is  that 
they  are  caused  by  unique  aspects  of  their  diet.  A  number  of  patients 
have  been  recently  admitted  to  the  Clinical  Research  Unit  placed 

on  a  standardized  "American"  diet  for  a  length  of  time  similar  to 
those  of  Caucasian  controls.  Frozen  plasma  samples  from  these  patients 
are  available  and  will  be  used  to  measure  total  and  HDL  cholesterol 
levels  as  well  as  total  triglyceride  levels.  The  results  of  this 
study  will  allow  us  to  assess  the  role  of  the  Pima  diet  on  the  low 
cholesterol  levels  observed  in  this  population. 

c.  Studies  on  HDL.  Collaborative  studies  with  Dr.  John  Fuller  of  the 
London  School  of  Hygiene  and  Tropical  Medicine  will  be  conducted  to 
further  study  the  HDL  composition  in  diabetic  and  non-diabetic  Pima 
Indians.  HDL  will  be  subfractionated  into  HDL2  and  HDL3  subfractions 
by  ul tracentrifugation,  in  order  to  determine  which  of  these  fractions 
is  involved  in  the  decrease  in  HDL  observed  in  the  diabetics.  In 
addition,  a  radioimmunoassay  will  be  employed  to  measure  apo  A-1  and 
apo  A-2  levels  in  the  HDL  fractions  and  to  compare  these  in  HDL  from 
non-diabetics  and  diabetics. 
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d.  Free  fatty  acid  levels.  In  collaboration  with  the  contract  with  the 
University  of  Texas  (NOl-AM-6-2219)  studies  are  planned  on  the  effect 
low  dose  insulins  on  free  fatty  acid  levels.  The  changes  observed  in 
free  fatty  acids  will  be  compared  to  changes  observed  in  glucose  and 
amino  acids.  These  studies  will  be  conducted  in  diabetics  and  also 
in  obese  as  compared  to  thin  non-diabetic  patients  in  order  to  assess  * 
insulin  sensitivity  in  these  groups. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

1.  This  study  will  determine  whether  changes  in  lipoprotein  composition,  and 
especially  HDL  cholesterol  levels,  are  associated  with  diabetes  and  the 
development  of  ischemic  heart  disease.  The  data  obtained  on  HDL  and 
other  lipid  classes  will  thus  help  elucidate  the  relationship  of  these 
lipoproteins  to  the  development  of  atherosclerosis. 

2.  In  addition,  this  study  should  yield  information  on  lipoprotein  composi- 
tion in  groups  of  normal  and  diabetic  Pima  Indians.  Since  this  population 
serves  as  a  carefully  defined  model  for  adult  onset  diabetes,  the  data 
should  contribute  to  an  understanding  of  the  effects  of  diabetes  on  lipo- 
protein metabolism  and  the  relationship  of  diabetes  to  atherosclerosis. 

Publ i cations: 

Howard,  B.V.,  Savage,  P.J.,  Bennion,  L.J.,  Bennett,  P.H.:  Lipoprotein    ( 
Composition  in  Normal  and  Diabetic  Pima  Indians.  Atherosclerosis 
(In  Press) 
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SUMMARY  OF  WORK  (200  worot  cr 

Adul ts  with  recent 

diabetes  mellitus  and  with  borderline  abnormalities  of  glucose  tolerance  were 
studied  with  oral  and  intravenous  glucose  tolerance  tests,  arginine  infusions 
and  circulating  mononuclear  cell  insulin  receptor  assays.  Subjects  were  then 
placed  on  a  weight  reduction  diet.  They  were  restudied  every  5  weeks  to 
determine  the  degree  of  reversibility  of  changes  in  glucose  tolerance  and 
g1 uco-regulatory  hormones  and  in  diabetes. 
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Project  Description: 

Objectives: 

Many  components  of  the  natural  history  of  diabetes  remain  to  be  described.  ^ 
A  major  difficulty  is  the  absence  of  sequential  data  on  individuals  moving   ^ 
from  the  normal  to  the  diabetic  state.  Even  in  populations  with  a  high 
prevalence  of  diabetes  our  present  inability  to  identify  subjects  who  will 
rapidly  become  diabetic  means  that  large  numbers  of  subjects  would  have 
to  be  studied  for  many  years. 

The  study  of  obese  subjects  with  borderline  glucose  tolerance,  recent  onset 
and  long  duration  of  symptomatic  diabetes  appears  likely  to  reveal  much  about 
the  interrelationship  of  glucose  tolerance  and  gluco-regulatory  hormone  levels 
in  a  much  shorter  period  of  time.   If  normal  glucose  tolerance  can  be 
achieved  by  weight  reduction  many  comparisons  can  be  made  between  such  sub- 
jects and  subjects  who  have  never  had  abnormal  glucose  tolerance.  Compari- 
sons can  also  be  made  between  subjects  who  recover  glucose  tolerance  and 
those  who  fail  to  respond. 

The  purposes  of  the  study  are: 

a.  To  measure  changes  in  insulin  secretion  which  occur  during  the  improve- 
ment of  glucose  tolerance  which  is  known  to  occur  with  weight  reduction 

in  obese  diabetics.  To  determine  if  the  same  changes  occur  in  response^ 
to  oral  and  intravenous  glucose  and  to  intravenous  arginine  infusion. 

b.  To  measure  changes  in  glucagon  secretion  which  occur  during  improvement 
in  glucose  tolerance  to  determine  whether  the  hyperstimulation  and 
impaired  suppression  of  glucagon  seen  in  diabetics  is  reversible. 

c.  To  determine  both  acute  and  chronic  changes  in  insulin  receptor  concen- 
trations and  affinity  and  to  evaluate  whether  they  are  solely  secondary 
to  dietary  changes  or  affected  by  the  presence  or  absence  of  the 
diabetic  state. 

d.  To  determine  changes  in  lipoprotein  concentrations  and  fractions  which 
occur  during  improvement  of  glucose  tolerance. 

Methods  Employed: 

Fifteen  obese  diabetics  with  onset  of  symptomatic  glucose  intolerance  within 
the  past  4  years,  fifteen  obese  subjects  with  borderline  glucose  tolerance 
and  fifteen  long  duration  diabetics  who  have  never  been  treated  with  insulin  ^^ 
will  be  admitted  to  the  clinical  research  center.  Fifteen  similarly  obese 
non-diabetics  will  be  admitted  as  controls  for  the  effects  of  weight 
reduction  itself. 
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Subjects  will  initially  be  placed  on  a  weight  maintaining  300  gm  carbohydrate 
diet  and  have  oral  and  intravenous  glucose  tolerance  tests,  arginine  infusions 
with  measurement  of  insulin  and  glucagon  responses  and  measurement  of  insulin 
receptor  binding  to  circulating  mononuclear  cells.  Subjects  will  then  be 
placed  on  a  500  calorie  50  gm  carbohydrate  diet  to  induce  rapid  weight  loss. 
Every  fifth  week  subjects  will  be  refed  with  a  1500  calorie  300  gm  carbohy- 
drate diet  and  after  4  days  on  the  diet  the  initial  series  of  tests  will  be 
repeated.  Studies  will  be  terminated  when  glucose  tolerance  stabilizes  at 
abnormal  levels  or  is  reduced  to  normal  levels. 

Major  Findings: 

To  date  10  recent  onset  diabetic  and  10  non-diabetic  subjects  have  been 
studied.  Fasting  and  2  hour  plasma  glucose  levels  of  the  diabetics  showed 
highly  significant  improvements:  260±8  to  98±4,  p<0.001  and  412+12  to 
203±10,  p<0.001,  mg/dl  respectively.   Insulin  secretion  in  response  to 
both  oral  and  intravenous  glucose  improved  significantly  in  the  diabetics 
(p<0.05)  while  decreasing  in  the  controls.  Although  the  glucose  disposal 
rate  during  the  intravenous  glucose  tolerance  test  improved  significantly 
in  the  diabetics  it  remained  significantly  below  that  of  the  controls. 
The  acute  insulin  response  to  IV  glucose  increased  significantly  but  was 
12?^  of  that  seen  in  the  controls.   In  contrast,  insulin  responses  to 
arginine  were  similar  in  the  diabetics  and  controls.  Glucagon  suppression 
by  intravenous  glucose  and  stimulation  by  intravenous  arginine  improved 
but  could  not  be  entirely  normalized.  Insulin  binding  to  circulating 
mononuclear  cells  was  initially  similar  in  the  two  groups  and  increased  in 
both  following  weight  loss. 

The  findings  indicate  that  maturity  onset  diabetics  have  a  selective 
defect  of  insulin  secretory  response  to  a  glucose  stimulus  and  that,  early 
in  the  course  of  the  diabetes,  this  defect  is  substantially  reversible. 
The  insulin  binding  studies  suggest  that  diminished  insulin  sensitivity 
may  contribute  to  pancreatic  decompensation  in  individuals  unable  to 
compensate  with  hypersecretion  of  insulin.  No  evidence  was  found  of  a 
primary  defect  in  receptor  binding  in  maturity  onset  diabetes. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

These  studies  have  a  good  prospect  of  differentiating  the  reversible  and 
irreversible  abnormalities  that  characterize  diabetes  mellitus.  It  is 
possible  that  this  study  may  identify  changes  that  are  reversible  in  recent 
onset  diabetics  that  become  irreversible  with  prolonged  duration  of  hyper- 
glycemia. These  findings  can  be  utilized  to  improve  our  methods  of 
treating  maturity  onset  diabetes. 

Proposed  Course: 

Additional  borderline  and  long  duration  diabetic  subjects  will  be  studied 
to  further  clarify  the  sequence  of  changes  as  recovery  occurs.  We  also  hope 
to  study  some  ketoses  resistant  subjects  who  have  required  insulin  therapy 
to  control  symptoms. 
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NIH  Contract  No.  NOl-AM-6-2219      Starting  Date:  September  30,  1976 

Expiration  Date:  September  25,  1975   A 

Contractor:  University  of  Texas  Health  Science  Center 
Southwestern  Medical  School 

Money  Allocated:  $360,541.00        Man-years  Purchased:    13 

This  contract  enables  extension  of  studies  carried  out  under  the  NIH  Project 
ZOl  AM  54,017-03,  Effect  of  Weight  Reduction  on  Glucose  Tolerance  and  Gluco- 
regulatory  Hormones. 

Work  to  date  has  included  consultations  and  measurement  of  glucagon,  insulin, 
lipids  and  lipoprotein  on  samples  obtained  by  NIH  personnel  and  one  contract 
physician  at  the  Phoenix  Clinical  Research  Center.  The  results  of  some  of 
the  laboratory  determinations  are  reported  above.  The  contract  physician  has 
been  primarily  engaged  in  the  studies  of  the  effect  of  diet  on  diabetes  of 
long  duration  which  are  still  in  progress.  Preliminary  results  indicate 
major  differences  in  the  degree  of  recovery  which  can  be  obtained  in  short 
and  long  duration  diabetics. 

Proposed  Course:  See  addendum  to  Project  ZOl  AM  54,018-02  DD. 
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Project  Description: 

This  investigation  is  a  continuation  and  expansion  of  the  previous  projects: 
1)  Evaluation  of  the  Prediabetic  and  Diabetic  State  in  the  Pima  Indians 
(ZOl  AM  69,003-03  EFSB),  2)  Evaluation  of  the  Prediabetic  State  in  the  Pima 
Indians-Caucasian  Controls  (ZOl  AM  69,004-03  EFSB),  3)  Evaluation  of  Basement]# 
Membrane  Thickness  in  Diabetic  Pima  Indians  CZOl  AM  69,005-03  EFSB). 

Objectives :  Many  components  of  the  natural  history  of  diabetes  remain  to 
be  described.  A  prospective  study  of  genetically  suspect  prediabetic 
subjects  (defined  as  the  non-diabetic  offspring  of  two  diabetic  parents) 
appears  to  be  the  most  direct  and  reliable  method  of  describing  the  natural 
history  of  the  disease. 

Study  of  the  prediabetic  will  enable  us  to  better  understand  the  inter- 
relationship of  glucose  levels  with  insulin  and  glucagon  levels,  an  area 
which  has  remained  controversial.  These  studies  will  also  clarify  the 
relationship  of  hyperglycemia  to  microangiopathy.  Detailed  studies  of 
urinary  protein  abnormalities  and  muscle  capillary  basement  membrane 
thickness  should  clarify  the  history  of  some  of  the  earliest  physical 
abnormalities  found  in  diabetes.  In  addition  the  study  was  designed  to 
clarify  whet.ier  technical  variations  are  responsible  for  the  conflicting 
findings  of  Siperstein  and  Williamson  regarding  the  time  capillary 
basement  membrane  thickening  is  first  seen. 


r\ 


The  purposes  of  the  study  are: 
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1.  To  determine  whether  there  are  abnormalities  in  carbohydrate  metabolism 
gluco-regulatory  hormone  secretion,  urinary  protein  excretion  or 
capillary  basement  membrane  thickening  in  non-diabetic  Pima  Indians 
compared  with  non-diabetic  Caucasian  controls. 

2.  To  determine  if  there  are  differences  in  these  variables  between  Pima 
Indians  with  2  parents  with  diabetes  and  those  with  2  non-diabetic 
parents. 

3.  To  compare  the  two  major  techniques  of  basement  membrane  measurement. 

4.  To  determine  if  capillary  basement  membrane  thickening  is  related  to 
the  duration  of  carbohydrate  intolerance  and  to  the  complications  of 
diabetes. 

5.  To  initiate  a  long  term  prospective  study  of  prediabetes. 
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Methods  Employed:  Four  groups  were  selected  for  study  -  Pima  Indian  non- 
diabetic  offspring  of  two  diabetic  parents,  non-diabetic  offspring  of  two 
non-diabetic  parents,  subjects  with  long  and  short  duration  of  documented 
diabetes  and  non-diabetic  Caucasians  with  two  non-diabetic  parents.  The 
non-diabetic  groups  were  matched  for  age,  sex  and  parent  desirable  weight. 

Following  dietary  preparation  all  subjects  were  admitted  to  the  Clinical 
Research  Center  for  testing.  Tests  included  an  oral  glucose  tolerance 
test,  intravenous  glucose  tolerance  test,  cortisone  glucose  tolerance 
test,  an  arginine  infusion,  a  gradriceps  needle  muscle  biopsy,  fundus 
photographs  and  24-hour  urine  collection  for  determination  of  specific 
urinary  proteins  by  immunodiffusion. 

Two  sub-groups  of  diabetics  were  examined  a)  long-term  diabetics,  defined 
as  subjects  with  fasting  plasma  glucose  ^  140  mg/lOOml  or  a  two  hour  post- 
carbohydrate  load  glucose  >300  mg/lOOmI  and  >10  years  duration  with  and 
without  retinopathy,  and  b)  short-term  diabetics,  defined  as  subjects  who 
have  had  a  documented  marked  deterioration  in  their  oral  glucose  tolerance 
over  the  last  5  years  from  a  two  hour  post-carbohydrate  load  plasma  glucose 
<   140  mg/lOOmI  to  a  two  hour  plasma  glucose  >_  300  mg/lOOml. 

The  very  high  prevalence  of  diabetes  in  the  Pima  people,  while  providing 
a  very  large  group  of  genetically  prediabetic  individuals,  raised  a  problem 
of  finding  individuals  who  are  truly  normal.  Genetically  normal  Pima 
offspring  were  selected  from  phenotipically  normal  parents  45  years  of  age 
or  older.  It  is  conceivably  possible,  however,  that  with  the  high  preva- 
lence of  diabetes  in  the  tribe,  virtually  all  the  Pimas  could  carry  the 
diabetic  genome. 

Because  of  this  possibility,  a  group  of  non-diabetic  Caucasians  with  non- 
diabetic  family  histories  were  examined  as  an  additional  control  group  to 
compare  with  the  "normal"  Pimas. 

Results :   The  pattern  of  insulin  response  to  oral  and  intravenous  glucose 
has  been  claimed  to  be  characteristic  of  diabetes  and  prediabetes.  While 
insulin  responses  to  oral  glucose  were  reduced  in  subjects  with  2  hour 
glucose  levels  over  225  mg/dl  and  the  acute  phase  insulin  release  was 
absent  in  all  diabetics  there  was  evidence  of  hyperinsul inemia  in  the 
Pima  non-diabetics  compared  to  the  Caucasians.  The  normal  and  prediabetic 
Indians  had  fasting  and  stimulated  insulin  levels  during  all  the  tests 
2-3  times  greater  than  those  on  the  Caucasians.  Differences  in  insulin 
levels  between  the  two  races  could  not  be  explained  by  differences  in 
glucose  level,  age  or  obesity.  These  studies  raised  the  possibilities 
of  either  1)  extra  pancreatic  insulin  resistance  or  2)  an  abnormality 
of  biological  effectiveness  of  Pima  insulin,  or  3)  abnormal  hepatic  insulin 
extraction. 
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As  part  of  the  investigation  of  extra  pancreatic  insulin  resistance, 
changes  in  free  fatty  acid  (FFA)  concentrations  during  oral  (OGTT)  and 
intravenous  (IVGTT)  glucose  tolerance  tests  were  measured  in  normal  Pimas 
and  Caucasians  and  in  Pimas  with  severe  and  mild  diabetes.  Results  are 
discussed  under  the  report  for  project  number  ZOl  AM  54,015,03  DD  .       . 

To  assess  whether  hepatic  insulin  extraction  is  diminished  in  the  Pima, 
serum  insulin  and  C-peptide  concentrations  were  determined  during  oral 
glucose  tolerance  tests  performed  on  ten  Pima  Indians  and  ten  Caucasians 
with  normal  glucose  tolerance  and  a  range  of  fasting  insulin  levels.  The 
results  are  shown  in  Table  1  and  indicate  that  there  is  no  abnormality  of 
hepatic  insulin  extraction  in  the  Pimas.  In  addition,  this  study  suggests 
that  the  fractional  hepatic  extraction  of  insulin  does  not  change  over  a 
wide  range  of  obesity  and  insulin  levels. 

TABLE  1 

MEAN  MOLAR  RATIO  OF  C-PEPTIDE  AND  INSULIN  IN  PIMA  INDIANS 
AND  CAUCASIANS  FASTING  AND  AFTER  ORAL  GLUCOSE 

TIME  (min)    -30       0       30     •  60      120      180 

Indians    3.46±0.41  3.92±0.54  1.80±0.15  2.29±0.28  2.45±0.21  2.80±0.45 

Caucasians  3.52±0.39  3.22±0.56  1.36±0.16  2.06±0.20  2.61±0.38  2.70±0.37 

p        NS       NS       NS       NS       NS       NS 
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Results  of  muscle  capillary  basement  membrane  studies  are  presently  being 
analyzed.  Additional  prediabetic  and  normal  Pimas  above  age  30  have  been 
biopsied  to  clarify  effects  of  aging  on  capillary  basement  membrane  thick- 
ness. Results  are  presently  available  from  analyses  of  data  on  17  or  35 
prediabetic,  18  of  26  normal  and  25  of  33  diabetic  Pimas  and  20  of  34 
normal  Caucasians.  Measurement  of  capillary  basement  membrane  thickening 
in  normal  Indians  and  Caucasians  indicated  no  consistent  racial  variation 
in  basement  membrane  thickness.  Capillary  basement  membrane  measurements 
by  both  methods  were  thickened  in  the  diabetics  (p<0.05)  and  were  signi- 
ficantly correlated  with  the  duration  of  diabetes  (p<0.05).  The  Siperstein 
method  appeared  more  sensitive  in  detecting  diabetics. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute.  These 
studies  are  providing  information  on  issues  which  have  been  controversial  in 
diabetes  research  for  over  a  decade.  They  are  making  it  possible  to  system- 
atically approach  the  cause  of  diabetes  in  the  Pima,  a  group  with  the  highest^ifc 
known  prevalence  of  maturity  onset  diabetes.  '^!^ 
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Proposed  Course:  Subjects  will  be  recalled  every  two  years  for  an  additional 
series  of  tests.  The  first  recall  is  now  in  progress.  This  should  enable 
careful  documentation  of  the  natural  history  of  diabetes.  Additional  studies 
will  be  conducted  to  evaluate  insulin  resistance  in  hyperinsul inemic  Pimas 
and  to  evaluate  the  biological  activity  of  Pima  insulin. 

Publ i cations : 


Aronoff,  S.L.,  Bennett,  P.H.,  Gorden,  P.,  Rushforth,  N.,  Miller,  M. : 
Unexplained  Hyperinsul inemia  in  Normal  and  Prediabetic  Pima  Indians 
Compared  to  Normal  Caucasians.  Diabetes  26:827-840,  1977. 

NIH  Contract  No.  NOl-AM-6-2219     Starting  Date:  September  30,  1976 

Expiration  Date:  September  25,  1978 

Contractor:  University  of  Texas  Health  Science  Center 
Southwestern  Medical  School 

Money  Allocated:  $360,541.00        Man-years  Purchased:  13 

This  contract  is  for  extension  of  the  studies  carried  out  under  the  NIH 
Project  ZOl  AM  54,018-02,  Characterization  of  Metabolic  and  Morphologic 
Abnormalities  in  Diabetes. 

Work  to  date  has  been  comprised  of  consultations  on  studies  of  diabetes  and 
lipid  metabolism  and  the  measurement  of  glucagon,  insulin,  lipids  and  lipo- 
proteins on  samples  obtained  by  NIH  personnel  and  one  contract  physician  at 
the  Phoenix  Clinical  Research  Center. 

Studies  underway  utilizing  contract  personnel  working  both  in  Phoenix  and  in 
Dallas  including  further  investigations  of  the  relation  of  glucagon  and 
insulin  levels,  attempts  to  restore  glucagon  secretion  to  normal  by  aggressive 
therapy  of  diabetes  and  the  use  of  somatostatin  and  its  analogues  to  investi- 
gate effects  of  glucagon  suppression  and  determine  extrapancreatic  insulin 
resistance.  Studies  on  lipid  metabolism  in  diabetes  and  studies  of  lipo- 
protein turnover  and  interrelationships  have  begun.   Investigation  of  gut 
hormone  response  to  meals  in  Pima  and  Caucasian  subjects  are  in  progress. 

Proposed  Course:  The  above  studies  will  be  continued.  In  addition,  further 
morphological  studies  of  diabetic  pathology  utilizing  electron  microscopy  are 
planned. 
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TABLE  I 

GROWTH  CHARACTERISTICS  OF  PIMA  AND 
CAUCASIAN  FIBROBLAST  CULTURES 

Plating     Final 
Generation  Density  up  Efficiency  Passage 
Time to  p=15    to  p=15 # 

Caucasian 

Nonnal     2.0  days    5.7  x  10^    28%       42 


n=7 


Pima 


Normal     2.8  days    3.8  x  10^    22%       31 
n=5 


Pima 

i 
n=7 


Diabetic   3.2  days    3.8  x  10^     19%       35 


Project  Number:  This  project  is  now  limited  to  growth  and  metabolic  studies 
of  fibroblast  cultures.  The  studies  on  insulin  receptors  in  circulating 
monocytes  and  in  cells  in  cultures  will  henceforth  be  described  in  Project 
ZOl  AM  54,020-01  DD. 

Objectives: 

1 .  Characterization  of  the  growth  of  fibroblast  cultures  derived  from 
genetically  defined  normal  and  diabetic  Pima  Indians.  Previous  reports 

of  decreased  cell  viability  and  altered  growth  characteristics  of  cultured 
fibroblasts  from  diabetics  indicate  that  the  fibroblast  is  useful  in  the 
study  of  diabetes.  Fibroblast  cultures  have  been  established  and  stored 
frozen  in  this  laboratory  from  six  genetic  non-diabetic  and  nine  genetic 
diabetic  Pima  Indians,  and  six  normal  Caucasians.  Our  objective  is  to 
compare  parameters  of  growth  through  the  life  span  of  these  cells  in  order 
to  determine  if  adult  onset  diabetes  is  reflected  in  cellular  growth 
changes.  The  systematic  definition  of  growth  parameters  will  also  yield 
baseline  information  from  which  to  interpret  metabolic  data. 

2.  Comparative  metabolic  properties  of  normal  and  diabetic  Pima  fibroblast 
cultures.  The  availability  of  cell  cultures  established  from  genetically 
characterized  diabetic  and  non-diabetic  individuals  allows  comparative 
metabolic  studies  designed  to  assess  whether  there  are  cellular  differences 
associated  with  the  diabetes  and  insulin  resistance  observed  in  the  Pima 
population.  Studies  will  concentrate  on  the  effect  of  insulin  on  aspects 
of  carbohydrate  metabolism  in  these  cells.  The  effect  of  insulin  on 
glucose  uptake  in  metabolism  will  be  defined  and  normal  and  diabetic  cells 
will  then  be  compared  in  terms  of  their  sensitivity  and  magnitude  of 
response  to  insul in. 
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Major  Findings: 

1 .  Comparative  studies  of  the  growth  characteristics  of  Pima  and  Caucasian 
fibroblasts .  Comparative  growth  studies  have  been  conducted  using  seven  ^ 
Pima  diabetic  cell  lines,  six  non-diabetic  Pima  cell  lines  and  seven     m 
Caucasian  control  lines.  Cell  density,  passage  number,  plating  efficiency^ 
generation  time,  and  thymidine  incorporation  have  been  monitored  through- 
out the  life  span  of  these  cultures.  The  data  is  summarized  in  Table  1. 
The  results  so  far  suggest  that  there  are  significant  differences  in  cell 
density,  passage  number,  plating  efficiency  and  generation  time  between 

the  Pima  and  Caucasian  cells.  However,  there  appear  to  be  no  significant 
differences  between  the  diabetic  and  non-diabetic  Pima  cells.  The  results 
of  these  studies  suggest  that  the  cell  cultures  from  this  genetically 
homogeneous  group  have  altered  growth  properties  as  compared  to  cultures 
from  Caucasian  non-diabetics. 

2.  Metabolic  Studies: 

A.  Studies  on  insulin  stimulation  of  glucose  incorporation.  Physiologic 
concentrations  of  insulin  have  been  shown  to  stimulate  glucose  incor- 
poration into  monolayer  cultures.  This  stimulation  is  magnified  by 
preincubation  in  less  than  one  mg/ml  of  glucose  for  at  least  12  hours. 
Kinetic  studies  using  2-deoxyglucose  as  a  precursor  indicates  that  this 
preincubation  stimulates  the  V  max  but  not  the  Km  of  the  transport    ^ 
system.  The  stimulation  of  glucose  incorporation  is  inhibited  when    ^ 
serum  is  present  in  the  medium.  Studies  on  the  fate  of  the  incorporated 
glucose  indicate  that  under  these  conditions  approximately  70%  have  - 
been  converted  to  glycogen  and  the  other  30%  remains  in  the  acid 
soluble  portion  of  the  cell,  predominantly  as  nucleitides.  The  kinetics 
of  the  transport  process  are  being  characterized  using  the  glucose 
analogues  2-deoxyglucose  and  3-0-methyl glucose.  The  transport  of 
hexoses  into  the  fibroblasts  has  been  shown  to  involve  a  large  diffusion 
component. 

B.  Comparative  studies  of  the  response  of  Pima  and  Caucasian  cells  to 
insulin.  Pima  and  Caucasian  cells  have  been  compared  with  respect  to 
the  stimulation  of  glucose  uptake  by  physiological  levels  of  insulin 
Titration  of  the  concentration  of  insulin  required  for  stimulation  of 
glucose  uptake  over  a  20  minute  period  indicated  half  maximum  stimula- 
tion at  approximately  2  x  10"^  M  and  that  there  were  no  differences 
between  the  non-diabetic  or  diabetic  Pima  cells  or  between  the  Pima 
and  Caucasian  cells. 

Proposed  Course:  f^ 

1.  Growth  studies:  The  data  on  growth  parameters  to  date  indicate  that  Pima 
fibroblasts  have  altered  growth  parameters  compared  to  Caucasian  controls. 
Growth  will  be  systematically  studies  in  the  Caucasian  and  Pima  cell  lines 
in  the  presence  and  absence  of  insulin  in  order  to  determine  if  insulin 
has  an  effect  on  growth  parameters,  and  whether  the  Pima  cells  respond 
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differently  than  Caucasian  controls.   In  addition,  cell  size  will  be 
determined  using  a  Coulter  Counter  to  determine  average  suspended  cell 
diameter.  Cell  size  will  be  related  to  the  growth  density  data  in  order 
to  determine  if  the  density  differences  can  be  attributable  to  differences 
in  volumes  of  the  cells. 

2.  Metabolic  Studies: 

A.  Studies  of  the  kinetics  of  glucose  transport  and  the  influence  of 
insulin  on  glucose  transport.  Studies  will  be  continued  using  radio- 
labelled  glucose  analogues  in  order  to  determine  if  the  observed  insulin 
stimulation  of  glucose  uptake  can  be  attributed  to  a  stimulation  of  the 
transport  process.  The  contribution  of  simple  diffusion  will  be 
evaluated  using  known  inhibitors  of  hexose  transport.  Short  term 
kinetic  experiments  will  be  conducted  to  determine  the  Km  and  V  max 

for  the  transport  process  and  whether  they  are  influenced  by  insulin. 

B.  Comparison  of  the  effect  of  insulin  on  glucose  incorporation  in  Pima 
versus  Caucasian  fibroblasts.  Studies  will  be  continued  to  determine 
if  Pima  cells  differ  in  their  sensitivity  or  response  to  insulin.  The 
genetically  characterized  lines  will  be  systematically  assayed  in  terms 
of  basal  rate  of  glucose  uptake,  kinetics  of  glucose  transport  using 
glucose  analogues,  and  the  maximum  levels  achieved  in  the  presence  of 
insul in. 

C.  Effects  of  insulin  on  glycogen  metabolism.  In  collaboration  with 
Dr.  J.  Larner  and  the  contract  through  the  University  of  Texas  (NOl- 
AM-5-2219)  the  Pima  diabetic  and  non-diabetic  cells  will  be  compared 
in  terms  of  their  sensitivity  to  insulin's  action  on  glycogen  metabo- 
lism. Assays  of  glycogen  synthetase  and  the  phosphatase  enzymes  will 
be  conducted  and  assessed  for  sensitivity  and  magnitudes  of  response 
to  insulin. 

D.  Studies  of  ATPase.   In  collaboration  with  the  contract  with  the 
University  of  Texas  (NOl-AM-6-2219)  studies  will  be  initiated  on  the 
levels  of  (Na  ,  K  )  ATPase  in  the  genetically  characterized  fibro- 
blast cultures.  The  kinetics  of  the  ATPase  reaction,  and  its 
contribution  to  the  total  cell  ATPase  activity  will  be  assessed.  The 
enzyme  will  then  be  compared  in  the  Pima  and  Caucasian  fibroblast  in 
order  to  determine  if  there  are  differences  in  this  enzyme  and  its 
regul ation. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

1.  Growth  studies.  The  results  of  the  growth  data  so  far  indicate  that 

Pima  fibroblasts  in  culture  have  altered  growth  parameters  as  compared  to 
Caucasian  cultures.  This  implies  that  there  are  fundamental  differences 
in  cell  metabolism  in  this  genetically  homogeneous  group  and  makes 
available  a  system  that  can  be  used  to  explore  the  relationship  between 
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cell  parameters  and  the  appearance  of  insulin  resistance  and  diabetes  in 
this  population.  The  definition  of  growth  parameters  for  each  cell  line 
also  yields  baseline  values  on  which  to  evaluate  comparative  metabolic 
differences.  /-- 

2.  Comparative  metabolic  studies.  Assay  of  cell  responses  to  insulin  should  ^ 
yield  information  on  the  mechanism  of  insulin  action  at  the  cellular 
level.  Comparison  of  normal  and  diabetic  cells  will  indicate  if  insulin 
resistance  and/or  diabetes  are  reflected  in  defects  in  the  cellular  level. 

Publications: 


Howard,  B.V.:  Acetate  as  a  Carbon  Source  for  Lipid  Synthesis  in  Cultured 
Cells.  Biochim.  Biophys.  Acta  488:145-151,  1977. 

Howard,  B.V.:  Uptake  of  Very  Low  Density  Lipoprotein  Triglyceride  by 
Bovine  Aortic  Endothelial  Cells  in  Culture.  _J.  Lipid  Res.  18:551-571, 
1977. 
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studies  in-vitro  using  isolated  circulating  mononuclear  cells  and  cultured 
diploid  fibroblasts.  Down  regulation  has  been  characterized  for  the  fibro- 
blast and  this  system  is  being  used  to  identify  metabolites  in  Pima  serum 
which  may  effect  receptor  regulation.  Investigation  of  fibroblasts  from 
Pima  and  Caucasian  subjects  suggests  that  the  Pima  cells  have  more  receptors, 
reduced  insulin  affinity  and  decreased  down  regulation.  Studies  to  extend 
these  observations  are  in  progress  using  isolated  monocytes.  The  effect  of 
down  regulation  on  the  insulin  sensitivity  of  cellular  processes  is  being 
measured  using  normal  and  down  regulated  fibroblasts. 
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Project  Description: 

Objectives:  Previous  studies  on  Pima  subjects  have  Indicated  that  their 
excessive  diabetes  Is  not  caused  by  abnormal  insulin  binding.  Insulin 
binding  In  hyperinsul Inemic  non-diabetic  Pimas,  however,  Is  not  suppressed^ 
below  normal  Caucasian  levels,  Indicating  an  abnormality  in  receptor     ^ 
regulation.  This  failure  of  elevated  insulin  to  decrease  insulin  binding 
could  be  due  to  a  defect  at  the  cellular  level  or  to  an  inhibitor  in  the 
blood.  The  initial  objective  is  to  determine  if  the  abnormality  is 
present  in  isolated  Pima  cells  free  from  the  nutrient  and  hormonal 
influences  found  in- vivo  or  if  the  altered  ability  to  down  regulate  is 
only  observed  when  cells  are  exposed  to  serum  factors.  Both  the  Isolated 
mononuclear  cell  and  the  cultured  fibroblast  can  be  used  to  detect  genetic 
differences  in  insulin  binding  and  receptor  regulation  between  diabetic 
and  normal  Pima  and  Caucasian  subjects.  Serum  from  hyperinsul inemic 
subjects  that  fail  to  decrease  their  Insulin  binding  will  be  tested  for 
their  effect  on  in-vitro  insulin  receptor  regulation.  In  addition,  the 
effect  of  down  regulated  insulin  receptors  on  the  insulin  sensitivity 
of  cellular  metabolism  can  be  measured  using  the  in-vitro  down  regulated 
cells. 

Major  Findings: 

1 .  Characterization  of  insulin  binding  and  down  regulation  in  diploid     ^ 
fibroblasts.  Cultured  diploid  fibroblasts  bind  insulin  to  specific    tM 
receptors  which  can  be  regulated  using  physiologic  levels  of  insulin.  ™ 
The  Insulin  mediated  regulation  of  Insulin  receptors  showed  a  maximum 
decrease  in  Insulin  binding  of  40*  to  65°^.  A  stoichiometric  rela- 
tionship between  insulin  binding  and  down  regulation  was  Indicated  by 

the  similar  values  obtained  for  the  Insulin  dissociation  constant 
(0.61nM)  and  the  Insulin  concentration  required  for  half  maximal  down 
regulation  (0.58nM).  The  order  of  effectiveness  of  insulin  analogues 
for  binding  and  down  regulation  was  identified:  procine  Insulin  > 
guinea  pig  insulin  >  proinsulin.  In  addition,  the  fibroblast  down 
regulates  in  the  presence  of  serum  providing  a  system  for  the  detec- 
tion of  possible  Pima  serum  inhibitors  of  down  regulation. 

2.  Insulin  receptor  studies  in  Pima  and  Caucasian  fibroblasts.  A 
comparison  of  insulin  binding  to  diploid  fibroblasts  from  Caucas 1 ans 
(n=4)  and  Pimas  (n=4)  indicates  that  Pima  cells  have  more  high  affinity 
receptors  per  cell,  m=10, 500+2100  S.E.  versus  m=22, 000+3800  S.E. 
respectively.  The  affinities,  however,  for  the  Caucasian  receptors 
are' higher  than  those  on  the  Pima  cells  with  mean  values  of  KD=0.091nM 
+0.005  S.E.  versus  KD=0.163nM±0.025  S.E.  respectively. 
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In  a  separate  study  comparing  down  regulation  in  Caucasian  (n=4) 
and  Pima  (n=7)  fibroblasts  the  maximum  insulin  binding  per  cell  was 
the  same  tDut  the  insulin  binding  left  after  down  regulation  was 
greater  for  the  Pima  cells  (m=49"±5.3  S.E.  versus  m=25'^r4.2  S.E.). 
These  results  suggest  a  cellular  abnormality  in  Pima  down  regulation, 
consistent  with  the  initial  observations  on  circulating  monocytes. 
No  differences  have  been  observed  for  insulin  binding  or  receptor 
regulation  on  fibroblasts  from  diabetics  and  normals. 

3.  In-Vitro  down  regulation  in  isolated  monocytes.   Isolated  circulating 
monocytes  have  been  shown  to  down  regulate  their  insulin  receptors 
using  physiologic  levels  of  insulin.  Although  this  system  has  not  been 
fully  characterized,  monocytes  from  both  Pimas  and  Caucasians  have 
shown  sensitivity  to  procine  insulin  in  the  down  regulation. assay. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute. 

The  in-vitro  demonstration  of  down  regulation  using  physiologic  insulin 
concentrations  will  permit  investigation  of  the  mechanisms  for  insulin 
regulation  of  cellular  metabolism  on  samples  from  insulin  resistant 
subjects.  The  studies  on  monocytes  and  fibroblasts  from  Pimas  with 
abnormal  down  regulation  should  clarify  the  importance  of  insulin 
receptor  regulation  in  insulin  resistance  and  the  associated  diabetes 
and  obesity  of  the  Pima. 

Proposed  Course: 

1 .  Characterization  of  insulin  binding  and  down  regulation  in  diploid 
fibroblasts.  The  methodology  established  for  assaying  insulin  down 
regulation  of  insulin  receptors  is  being  used  to  detect  other  metabolites 
which  may  participate  in  this  regulatory  mechanism.  Selected  Pima  and 
Caucasian  serums  are  being  assayed  for  possible  differences  in  levels  of 
inhibitors  of  down  regulation.  In  order  to  assess  the  importance  of  down 
regulation  in  effecting  the  insulin  sensitivity  of  a  variety  of  cellular 
events,  insulin  stimulation  of  transport  processes  and  intracellular 
metabolism  is  being  measured  on  control  and  down  regulated  cells. 

2.  Insulin  receptor  studies  in  Pima  and  Caucasian  fibroblasts.  Insulin 
receptor  number  per  cell  and  affinity  are  being  measured  on  additional 
Pima  and  Caucasian  fibroblasts  in  order  to  clarify  possible  genetic 
differences  in  these  parameters.  These  fibroblasts  are  also  being 
characterized  for  genetic  differences  in  the  down  regulation  process. 

3.  In-vitro  down  regulation  in  isolated  monocytes.  The  methodology  is  being 
established  for  a  comparison  of  insulin  binding  to  freshly  isolated 
monocytes  and  to  the  same  patient's  monocytes  following  in-vitro  down 
regulation.  Results  from  this  study  will  distinguish  between  a  cell  or 
serum  based  abnormality  responsible  for  differences  in  Caucasian  and  Pima 
receptor  regulation. 
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SUMMARY  OF  WORK  ^200  ^ords  or  less  -  underline  keywords) 

Glycosylated  hemoglobin  concentrations  were  measured  in  400  Pima  Indians, 
aged  15  to  91  years,  who  were  participating  in  the  epidemiological  studies 
of  diabetes  in  the  Gila  River  Indian  Reservation  in  Arizona.  At  the  same 
time  plasma  glucose  levels,  fasting  and  two-hours  post-glucose  load  (75g), 
were  determined  and  compared  with  the  hemoglobin  to  see  which  test  might 
be  the  best  indicator  of  the  presence  of  diabetes.  Previously  the  glucose 
levels,  have  been  described  by  a  model  of  two  overlapping  Gaussian  distri- 
butions. Attempts  were  made  to  fit  the  same  model  to  the  glycosylated 
hemoglobin  concentrations.  Only  a  single  distribution  was  observed  in  the 
young  males  (15  to  24  years).  In  the  young  females  a  single  model  was  seen 
corresponding  to  the  normal  population  with  a  few  outlying  values  indicating 
the  presence  of  a  small  number  of  diabetics  in  this  age  group.  In  those 
aged  25  years  and  over,  the  glycosylated  hemoglobins  were  bimodally  distri- 
buted and  like  the  glucose  levels  were  a  satisfactory  fit  to  the  overlapping 
Gaussian  distribution  model.  These  observations  indicate  the  presence  of 

two  subpopulations  in  the  Pima  Indians,  one  normal  and  one  diabetic. 
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Project  Description: 

Objectives: 

The  present  study  was  designed  to  examine  the  feasibility  of  using 
glycosylated  hemoglobin  determinations  to  examine  the  relationship      ^C" 
between  vascular  complications  and  hyperglycemia.  We  have  also  examined  ^ 
the  frequency  distributions  of  glycosylated  hemoglobin  levels  to 
determine  if  they  could  be  used  to  separate  the  diabetic  and  non-diabetic 
subgroups  within  a  population. 

Methods  Employed: 

Glycosylated  hemoglobin  was  measured  by  a  modification  of  the  method  of 
Trivelli,  involving  washing  the  red  cells  with  physiologic  saline, 
hemolyzing  the  cells  with  water  and  toluene,  dialyzing  the  hemolyzate 
against  a  cyanide-phosphate  buffer  and  then  chromatographing  the 
hemolyzate  on  a  Bio-Rex  70  column.  The  glycosylated  hemoglobin  was 
eluted  with  a  cyanide-phosphate  buffer  (pH  6.7)  and  then  the  rest  of 
the  hemoglobin  was  eluted  with  a  phosphate  buffer  (pH  6.4).  The  optical 
density  of  the  two  fractions  was  measured  at  415  nm  and  the  percentage 
of  the  total  hemoglobin  that  was  glycosylated  was  calculated.  The 
frequency  distributions  of  glycosylated  hemoglobin  in  the  15  to  24  and  25 
and  over  age  groups  were  examined  and  compared  with  the  fasting  and  two- 
hour  glucose  concentrations.  Maximum  likelihood  methods  were  used  to    ^ 
determine  the  mean  and  standard  deviations  of  the  hemoglobin  distribu-   ^ 
tions. 

Major  Findings: 

A  single  distributions  of  glycosylated  hemoglobins  was  found  in  the  young 
males,  aged  15  to  24  years.  In  the  young  females  single  mode  was  seen 
corresponding  to  the  normal  population  with  a  few  outlying  values  indi- 
cating the  presence  of  a  small  number  of  diabetics  in  this  age  group. 
In  those  aged  25  and  over  in  both  males  and  females  the  hemoglobin  levels 
were  bimodally  distributed  with  a  satisfactory  fit  to  the  overlapping 
Gaussian  distribution  model  previously  applied  to  the  frequency  distribu- 
tion of  plasma  glucose  levels  in  the  Pima  population.  The  normal 
components  of  the  distribution  had  mean  levels  ranging  from  10.1  to  10.6% 
with  a  slight  increase  in  mean  level  with  increasing  age.  The  diabetic 
component  had  mean  levels  averaging  17.5%.  The  cut-off  points  ranged 
from  13.5  to  14%. 

Significance  to  Biomedical  Research:  a 

The  presence  of  two  subpopulations  in  the  Pima  Indians,  one  normal  and  one 
diabetic  is  clearly  indicated  by  the  frequency  distributions  of  glycosy- 
lated hemoglobins,  fasting  glucose  levels  and  two-hour  glucose  levels. 
While  glycosylated  hemoglobin  levels  correspond  closely  to  fasting  glucose 
levels  and  two-hour  glucose  levels,  they  do  not  discriminate  better 


851 


% 


ZOl  AM  54,021-01 

between  normal  and  diabetic  subjects  than  do  fasting  glucose  levels  alone. 
However,  the  hemoglobin  levels  may  be  more  useful  in  studies  of  the 
complications  of  diabetes.  The  determination  of  glycosylated  hemoglobin 
may  be  especially  useful  for  epidemiological  studies  where  the  performance 
of  glucose  tolerance  testing  is  impractical. 

Proposed  Course: 

This  project  will  be  continued  particularly  in  the  35  and  older  age  group 
to  further  elucidate  changes  in  the  bimodal  distribution  of  hemoglobin 
A-1  with  aging.  In  addition,  the  association  of  hemoglobin  A-1  levels 
with  the  prevalence  and  incidence  of  diabetic  complications  will  be 
investigated. 

Publ ications: 

None 
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SUMMARY  OF  WORK  (200  ^ords  or  less  -  underline  keywords) 

To  determine  whether  the  effects  of  oral  contraceptives  in  increasing  the 
cholesterol  saturation  of  bile  are  mediated  by  increased  secretion  of 
cholesterol  or  by  decreased  secretion  of  bile  acids  and  phosphol ipids ,  we 
measured  the  rate  of  bil iary  secretion  of  these  lipids  in  5  normal  women 
during  oral  contraceptive  usage  and  again  during  normal  menstrual  cycles 
on  no  medication.  We  also  measured  bile  acid  pool  size  and  bile  acid 
composition,  as  well  as  lipid  composition  and  percent  cholesterol  saturation 
of  gallbladder  bile. 
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Project  Description: 

Objectives :  To  elucidate  the  mechanisms (s)  by  which  the  ingestion  of 
oral  contraceptives  result  in  the  production  of  highly  saturated  bile  and 
cholesterol  gallstones. 

Methods  Employed:  Gallbladder  bile  Is  obtained  by  duodenal  siphonage 
after  stimulation  of  gallbladder  contraction.  Bile  acid  pool  size  is 
determined  by  isotope  dilution  using  radiolabel led  cholic  acid.  Secretion 
of  cholesterol,  bile  acid  and  phospholipid  from  the  liver  into  the  bile  is 
measured  by  marker  dilution  using  a  three  lumen  tube:  beta-si tosterol  is 
infused  through  the  most  proximal  tube  into  the  duodenum  at  a  constant  rate; 
bile  is  sampled  10-12  cm  distal,  after  complete  mixing  of  the  marker  with 
cholesterol  emerging  from  the  ampulla  of  Vater.  Hepatic  bile  composition 
is  determined  from  bile  aspirated  at  the  ampulla  of  Vater  through  a  third 
lumen. 

Major  Findings:  Oral  contraceptive  usage  results  in  a  disproportionate 
increase  in  cholesterol  secretion,  with  no  consistent  pattern  of  alteration 
in  bile  acid  pool  size  or  secretion  rate. 

Significance  to  Biomecical  Research  and  the  Program  of  the  Institute: 
These  findings  suggest  that  estrogens,  and/or  progestins,  produce  cholesterol 
hypersecretion  when  administered  as  oral  contraceptive  pills.  This  chole- 
sterol hypersecretion  results  in  saturated  bile  and  in  an  increased  rate  of 
cholesterol  gallstone  formation  among  users  of  oral  contraceptives.  Admini- 
stration of  chenodeoxychol ic  acid,  which  reduces  biliary  cholesterol 
secretion,  might  be  expected  to  prevent  this  side-effect. 

The  estrogens  and  progestins  secreted  by  the  ovaries  of  normal  women 
between  puberty  and  menopause  may  act  through  a  similar  mechanism  to  produce 
the  excess  frequency  of  cholesterol  gallstone  disease  observed  among  women. 

Proposed  Course:  These  studies  have  been  completed,  although  similar 
measurements  in  age  and  weight-matched  men  and  women  would  be  of  Interest 
in  elucidating  the  basis  of  the  sex  difference  in  the  frequency  of  chole- 
sterol cholelithiasis. 

Publ ications:  The  results  are  being  submitted  for  publication. 
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SUMMARY  OF  WORK  (2C0  „ords  or  less  -  underline  kevwcrcts)  .,  .  I- 

Pima  Indians  have  been  shown  to  have  'a  high  prevalence  of  diabetes  melntus     ! 
and  hyperinsulinemia.  Despite  these  the  Pimas  have  greatly  decreased  incidence  1 
of  cardiovascular  disease.  Studies  of  plasma  lipids  have  shown  that  total  serum  ; 
cholesterol  values  are   low,  and  they  do  not  increase  with  age.  Plasma  LDL  leyelsi 
are  low  and  LDL  synthetic  rates  were  shown  to  be  decreased.  VLDL  metabolism  in  i 
Pima  Indians  will  be  investigated  in  order  to  study  the  relationship  between  VLDU 
and  the  other  serum  lipoprotein  classes  and  to  determine  the  effect  of  hyper-  ^ 
insulinism  on  VLDL  metabolism.  Synthetic  and  catabolic  rates  for  VLDL  will  be 
compared  in  groups  having  different  insulin  levels  using  tritiated  glycerol  as  a  ! 
precursor.  Conversion  of  VLDL  to  LDL  will  be  studied  using  ^^^I  VLDL  and  ^^^I   ! 
LDL  simultaneously.   In  addition  plasma  free  fatty  acid  levels  and  turnover  ratesi 
will  be  assessed  to  determine  if  free  fatty  acid  production  correlates  with  serumi 
insulin  values  or  triglyceride  production.  The  results  of  this  study  should 
yield  data  on  VLDL  metabolism  and  its  conversion  to  LDL  in  this  population  and  ^^ 
explore  the  relation  between  these  lipoproteins  and  cardiovascular  disease.    ^P 
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Project  Description: 
Objectives: 

1.  The  metabolism  of  VLDL  will  be  studied  using  a  pulse  injection  of 

3h  glycerol.  This  will  yield  values  for  synthetic  and  catabolic  rates 
of  VLDL  which  can  be  compared  to  those  of  Caucasians  assayed  under 
similar  conditions 

2.  VLDL  synthetic  and  catabolic  rates  will  be  determined  using  3H  glycerol 
in  two  populations  of  Pimas  having  differing  serum  insulin  levels.  The 
two  groups  will  be  non-diabetic  and  matched  for  age  and  body  weight. 
One  group  will  have  fasting  serum  insulin  levels  of  less  than  10  uU/ml , 
whereas  the  other  will  have  fasting  insulin  levels  greater  than 

40  yU/ml. 

3.  The  conversion  of  VLDL  to  LDL  will  be  studied  in  a  group  of  Pima  Indians 
using  I^^^  VLDL  and  I'^^  LDL.  This  study  will  yield  an  indeoendent 
measure  of  VLDL  metabolic  rates,  and  also  show  the  extent  of  conversion 
of  VLDL  to  LDL  in  this  population. 

4.  Plasma  free  fatty  acids,  which  are  the  immediate  precursors  of  the 
fatty  acids  in  VLDL  triglyceride,  will  be  quantified  and  turnover  will 
be  assessed  by  a  pulse  injection  of  albumin  bound  ^"^C  free  fatty  acid. 
Free  fatty  acid  levels  and  turnover  rates  will  be  compared  in  groups 
having  low  and  high  insulin  levels  to  determine  if  adipose  tissue  free 
fatty  acid  production  reflects  or  correlates  with  fasting  serum  insulin 
values. 

5.  Post  heparin  lipolytic  activity  will  be  determined  in  a  small  number 
of  Pima  Indians  having  high  triglyceride  levels  to  determine  if  the 
hypertriglyceridemia  present  in  the  diabetic  Pimas  is  related  to  the 
levels  of  this  enzyme. 

Major  Findings: 

^H  Glycerol  studies.  To  date,  eleven  non-diabetic  Pima  Indians  have 
admitted  for  VLDL  turnover  study  using  tritiated  glycerol.  These 
individuals  were  selected  as  having  fasting  insulin  levels  below  15 
or  over  30  uU/ml .  Preliminary  assessment  of  the  data  indicates  very 
rapid  VLDL  catabolic  rates  in  all  individuals;  VLDL  production  does  not 
appear  to  be  correlated  with  fasting  insulin  levels.  Analysis  of  the 
fraction  p  1.006-1.019  from  a  pool  of  4  of  these  patients  indicates 
significant  label  incorporated  into  this  intermediate  density.  The 
appearance  of  label  in  this  fraction  peaked  at  4-6  hours,  as  compared 
to  1-2  hours  for  the  VLDL. 

^'^I  Studies  and  free  fatty  acid  turnover.  No  patients  have  been 
admitted  for  these  portions  of  the  study. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  results  of  these  studies  are  relevant  both  to  in  vivo  lipoprotein 
conversions,  and  the  relationship  of  diabetes  to  these  processes.  The 
studies  on  the  interconversions  of  VLDL  to  LDL  will  determine  why  LDL 
synthesis  is  low  in  the  Pimas.  The  comparison  of  VLDL  metabolism  in 
populations  with  high  and  low  insulin  levels  will  indicate  whether  or  not 
increases  in  serum  insulin  lead  to  increased  synthesis  of  VLDL  or  VLDL 
triglyceride.  Furthermore,  a  comparison  of  VLDL  and  LDL  turnover  in 
Caucasians  with  that  of  the  Pimas  will  yield  information  on  the  relation- 
ship between  serum  lipoprotein  turnover  and  cardiovascular  diseases. 

Proposed  Course: 

3h  Glycerol  studies.   VLDL  synthetic  and  catabolic  rates  for  the 
individuals  studies  to  date  will  be  calculated  from  curves  modeled  and 
analyzed  in  conjunction  with  Dr.  S.  Grundy,  and  with  Dr.  L.  Zech  at  the 
NHLBI.  Data  will  be  analyzed  to  correlate  synthetic  and  catabolic  rates 
with  plasma  insulin  levels  in  these  individuals.  The  study  will  be 
extended  to  a  total  of  twenty  patients  with  10  in  the  low  insulin  and  10 
in  the  high  insulin  group. 

Preliminary  observations  suggested  an  increase  in  label  in  the  inter- 
mediate density  lipoprotein  fraction.  Further  characterization  of  this 
intermediate  density  fraction  will  be  conducted  in  collaboration  with    ,'  L 
Dr.  Scott  Grundy  and  Dr.  David  Bilheimer,  through  the  University  of  Texas  ^H^ 
contract  (NOl-AM-6-2219) . 

Since  Pima  Indians  have  shown  relatively  low  tendency  toward  hypertri- 
glyceridemia, even  when  severely  diabetic,  studies  will  be  initiated  to 
compare  triglyceride  synthetic  and  catabolic  parameters  in  a  group  of 
diabetics  and  suitable  controls.  These  studies  will  also  be  conducted 
in  conjunction  with  Dr.  Bilheimer  and  Dr.  Grundy  and  the  contract  with 
the  University  of  Texas  (NOl-AM-6-2219) . 

Studies  in  Sections  3-5  will  await  the  completion  of  the  analysis  of  the 
tritiated  glycerol  data. 

Publications:  None 
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ANNUAL  REPORT  -  1977-1978 
CLINICAL  ENDOCRINOLOGY  BRANCH 


Dr.  Jan  Wolff  received  the  Meritorious  Service  Award  of  the  Public  Health 
Service  in  1977  for  his  research  in  endocrine  biochemistry.   Dr.  H.  J.  Cahnmann, 
Scientist  Emeritus,  was  in  the  Department  of  Synthetic  Chemistry,  Faculty  of 
Engineering,  Kyoto  University,  for  six  months  working  withProf.  T.  Matsuura 
under  a  USA- Japan  exchange  agreement.   Under  a  USA-France  exchange  agreement. 
Dr.  Harold  Edelhoch  worked  for  one  month  at  Hopital  Bicetre,  Paris,  with 
Prof.  J.  Nunez  and  Dr.  Nunez  worked  for  4  months  in  our  laboratories.   Other 
visiting  scientists  in  CEB  were  from  France,  Italy,  Finland,  Japan  and  Poland. 

I.   Thyroid  Biochemistry 

A.   Thyroid  Cell  Membrane  and  Mechanism  of  TSH  Action 

The  role  of  the  cell  membrane  in  cellular  functions  has  been  investigated 
in  thyroid  cells  as  well  as  in  several  other  types  of  cells.   Stimulatory  ef- 
fects of  adenosine  or  steroidogenesis  by  adrenal  cells  was  previously  shown 
to  act  through  the  cyclic  AMP  system.   Further  study  has  revealed  two  adeno- 
sine-reactive  sites:   an  "R"  site,  requiring  integrity  of  the  ribose  moiety, 
which  leads  to  cyclase  activation  and  a  "P"  site,  related  to  the  purine  ring, 
which  leads  to  inhibition.   This  explains  the  complex  effects  observed  with 
adenosine  not  only  on  adrenal  cells,  but  also  on  thyroid  membranes  (which 
respond  primarily  to  the  P  site) ,  turkey  erythrocytes  (which  respond  to  both 
P  and  R  sites) ,  fat  cells  (in  which  both  P  and  R  sites  are  inhibitory) ,  and 
others.   A  possible  physiological  role  of  adenosine  in  maintaining  a  tonic 
inhibition  or  activation  of  basal  adenylate  cyclase  activity  is  under  investi- 
gation.  (Wolff,  Londos) 

Previous  studies  showed  that  charge  effects  on  thyroid  membranes  could 
modulate  cell  function.   These  observations  were  extended  to  the  cultured 
adrenal  cells  (Y-1)  and  Leydig  tumor  cells  (I-IO) .   Steroidogenesis  in  both 
cell  types  was  stimulated  5-10  fold  by  low  concentrations  of  the  polycation, 
polylysine,  and  this  was  related  to  the  size  of  the  polymer.   With  partially 
purified  Y-1  and  I-IO  plasma  membranes,  adenylate  cyclase  was  stimulated  by 
adenosine,  ribonuclease  A  or  spermine.   With  intact  cells,  spermine  was  inac- 
tive but  the  other  agents  were  active.   It  appears  that  the  interaction  of 
polycations  with  cell  membranes  produces  surface  changes  that  mimic  the 
effects  of  hormones  on  cells.   (Wolff,  Cook) 

The  adenylate  cyclase  of  beef  thyroid  membranes  has  been  further  character- 
ized by  study  of  the  solubilized  enzyme.   Since  the  partial  specific  volume 
was  measured  at  0.75,  it  appears  that  little  of  the  detergent  used  for 
solubilization  was  bound  to  the  enzyme.   The  molecular  weight  was  159,000 

O 

and  the  Stokes  radius  ASA.   Thyrotropin  had  noeeffect  on  the  solubilized 
enzyme,  but  other  properties  (Km  for  ATP,  thermal  stability,  inhibition  by 
Ca"*~^)  resembled  those  of  membrane-bound  enzymes.   (Wolff,  Asburv) 
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The  gangllosides  are  glycolipids  which  are  associated  with  cell  membranes 
and  thou-ght  to  have  a  role  in  polypeptide  hormone  action.   The  micelle-forming 
properties  of  gangliosides  was  studied  by  measuring  their  critical  micelle 
concentrations.   It  was  also  shown  that  the  rate  of  dissociation  into  monomers 
was  very  slow  and  was  incomplete  even  after  two  weeks.   (Edelhoch,  Formisano , 
Johnson) . 

B.  lodination  Reactions 

Lactoperoxidase  was  employed  as  a  model  for  the  thyroid  peroxidase  which 
has  not  yet  been  purified  sufficiently  for  molecular  studies.   Both  enzymes 
behave  similarly  in  iodination  reactions.   The  previous  observation  of  a  red 
shift  in  the  Soret  band  of  lactoperoxidase  (LPO)  caused  by  thiols  was  shown 
to  be  caused  exclusively  by  the  binding  of  the  thiol  to  the  heme  of  LPO. 
Diiodotyrosine  (DIT) ,  which  binds  to  the  apoprotein,  increases  the  affinity 
of  LPO  for  the  thiol.   The  affinity  of  DIT  for  LPO  is  also  enhanced  in  this 
ternary  complex.   (Cahnmann,  Pommier) 

The  interaction  of  various  thiols  as  well  as  a  number  of  antithyroid  com- 
pounds (methimazol,  methylthiouracil,  thiobarbiturate,  thiohydantoin  and 
alkylated  thioureas)  with  LPO  was  investigated  with  detailed  kinetic  analysis. 
The  binding  constants,  the  rates  of  inactivation  of  the  enzyme,  and  the  rates 
of  oxidation  of  the  sulfur  compounds  were  evaluated.   Iodide  was  shown  to 
alter  either  the  enzyme  inactivation  rate  or  the  oxidation  rate  but  not  the 
binding  constants.   (Edelhoch,  Nunez,  Johnson,  Trace) 

C.  lodoproteins 

The  origin  of  the  three  polypeptide  chains  which  comprise  thyroglobulin 
in  the  guinea  pig  was  studied  in  dispersed  cell  culture,  in  vivo,  and  in 
tissue  slices.   A  detailed  kinetic  analysis  of  in  vivo  incorporation  of  3h- 
leucine  proved  that  most  of  the  thyroglobulin  was  synthesized  as  chain  A 
(300,000  daltons) .   There  was  no  proven  relationship  between  chain  A  and 
chains  B  (210,000)  or  C  (110,000).   The  precise  subunit  structure  of  thjrro- 
globulin  has  yet  to  be  defined.   (Rail) 

D.  Thyroxine-Protein  Interactions 

The  structure  and  the  binding  reactions  of  the  plasma  transport  proteins 
for  the  thyroid  hormones  were  further  characterized.   The  N-tenninal  amino 
acid  sequence  of  thyroxine-binding  globulin  (TBG) ,  the  major  transport  pro- 
tein, was  determined.   The  findings  confirmed  the  fact  that  TBG  is  composed 
of  a  single  polypeptide  chain.   The  unique  N-terminal  sequence  of  20  residues 
showed  no  analogy  with  any  protein  of  known  structure,  including  thyroxine- 
binding  prealbumin  (PA).   Affinity  labeling  with  bromoacetyl-thyroxine 
showed  that  tyrosine  and  lysine  are  components  of  the  binding  surface. 

Spin-labeled  analogs  of  thyroxine  were  syntheiszed  and  used  to  study  the 
properties  of  thyroxine-binding  sites.   TBG  and  PA  have  sites  of  similar 
depth  ('^  20  A)  ,  but  that  of  PA  is  indented  at  the  channel  entrance  where  the 
side  chain  of  thyroxine  is  located.   (Cheng,  Robbins) 
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The  negative  cooperativity  in  thyroxine  binding  to  the  two  identical 
sites  of  PA  was  investigated  further.   A  minor  conformational  change  in  the 
protein  was  found  when  one  molecule  of  thyroxine  was  bound.   This  is  the  likely 
cause  of  the  change  in  affinity  of  the  second  site  since  the  structural 
analysis  of  Blake  indicates  that  steric  interaction  between  the  ligands  could 
not  take  place. 

The  interaction  of  thyroxine  transport  proteins  with  rhodamine  deriva- 
tives of  thyroid  homrones  was  investigated.   The  fluorescence  of  rhodamine 
was  quenched  upon  covalent  linkage  to  thyroxine  but  was  regenerated  when 
rhodamine-thyroxine  was  bound  to  TBG.   The  mechanism  of  these  fluorescence 
shifts  are  currently  under  study.   (Robbins,  Cheng,  Edelhoch,  Cahnmann,  Irace) 

In  the  course  of  developing  reagents  for  the  photoaff inity  labeling  of 
thyroxine-binding  sites,  studies  on  two  nitro  analogs  of  thyroxine  were 
carried  out.   It  was  found  that  3 ,5-dinitro-3' ,5'-diiodothyropropionic  acid 
undergoes  extensive  deiodination  when  exposed  to  visible  light  of  high 
intensity.   A  non-iodinated  analog,  3, 5-dinitrothyropropionic  acid,  and 
3- (4-hydroxyphenoxy) propionic  acid,  were  shown  to  be  converted  by  visible 
light  to  an  excited,  colored  species  which  reverts  to  the  starting  compound 
in  the  dark.   In  the  presence  of  6-cyclodextrine  -  an  inclusion  compound 
which  serves  as  a  model  for  the  binding  site  on  a  protein  -  the  formation  of 
the  colored  species  is  enhanced  and  its  decay  to  the  starting  compound  is 
retarded.   (Cahnmann,  Matsuura,  Cheng) 

Further  studies  on  TBG  metabolism  in  Rhesus  monkeys  has  focused  on  possible 
differential  effects  of  the  two  thyroid  hormones.   Both  T4  and  T3  at  physiologi- 
cal levels  increased  TBG  disappearance  and  production  rates  to  the  same  extent. 
At  hyperthyroid  levels,  however,  T,    increases  TBG  production  whereas  T2 
decreased  production.   This  may  be  caused  by- an  effect  on  TBG  secretion  from 
the  hepatocyte.   (Robbins,  Goldman,  Glinoer) 

E.   Metabolism  of  Thyroid  Hormones 

The  extrathyroidal  monodeiodination  of  thyroxine  to  form  the  metabolically 
active  triiodothyronine  (T-^)  and  inactive  reverse  triiodothyronine  (rT^)  was 
studied  further  in  monolayer  cultures  of  monkey  hepatocarcinoma  cells.   Uptake 
of  the  hormones  was  shown  to  be  a  passive  transport,  but  varied  with  the  iodine 
content  of  the  molecule.   Propylthiouracil  inhibited  phenolic  ring  deiodination 
but  not  nonphenolic  ring  deiodination,  thus  accounting  for  the  increased  ac- 
cumulation of  rT3.   Investigation  of  cell  homogenates  showed  that  the  two 
deiodinases  had  different  pH  optima,  but  were  both  stimulated  by  sulfhydryl 
compounds.   The  subcellular  distribution  of  these  particulate-associated  enzymes 
is  now  under  investigation.   (Robbins,  Sorimachi) 


F.   Studies  of  Thyroid  Disease 

Further  evaluation  of  the  use  of  aspiration  cytology  in  the  preoperative 
diagnosis  of  thyroid  nodules  have  shown  this  procedure  to  be  a  valuable  proce- 
dure, especially  in  patients  who  present  an  increased  risk  for  surgical  biopsy. 
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The  utility  of  the  procedure  in  establishing  a  diagnosis  in  some  cases  of 
lymphocytic  thyroiditis  has  also  been  established. 

Additional  patients  with  thyroid  carcinoma  were  studied.   The  followup 
management  of  these  patients  appears  to  be  capable  of  simplification  since 
it  has  been  shown  that  a  brief  period  of  hypothyroidism,  before  the  patient 
becomes  symptomatic,  is  adequate  to  stimulate  even  minor  radioiodine  uptake. 
Lithium  was  shown  in  a  second  patient  to  be  effective  in  slowing  the  loss  of  ' 
radioiodine  from  the  tumor.  ■'■■^-'■I  therapy  was  accomplished  without  toxicity, 
suggesting  the  value  of  this  procedure  in  reducing  the  relative  radiation 
received  by  the  bone  marrow.   (Robbins,  Goldman) 

Three  additional  patients  with  the  sjrndrome  of  inappropriate  secretion  of 
TSH  were  investigated.   All  had  elevated  TSH  secretion  without  evidence  for  a 
pituitary  tumor.   The  finding  of  a  high  ratio  of  serum  T^  to  T3  has  raised 
the  possibility  that  decreased  monodeiodination  of  T4  may  be  related  to  hormone 
resistance  in  these  patients.   (Weintraub,  Fein) 

The  binding  reaction  of  bovine  TSH  to  bovine  and  human  thyroid  membranes 
and  to  cultured  lympocytes  was  characterized  in  order  to  develop  an  assay 
system  with  sufficient  specificity  to  study  TSH  receptor  antibodies  in 
thyroid  disease.   With  conditions  commonly  employed  by  others,  the  binding 
was  nonspecific  and  was  shared  by  other  glycoprotein  hormones,  thyroglobulin 
and  normal  IgG.   Under  more  physiological  conditions,  there  was  less  of  TSH 
binding,  but  the  interaction  had  high  affinity  and  specificity.   Using  these 
improved  methods,  TSH-receptor  antibodies  were  found  exclusively  in  the  serum 
of  patients  with  Graves'  disease  (in  about  1/3  of  all  such  patients).   The     i 
highest  levels  were  in  two  patients  with  severe  pretibial  myxedema  and  exo- 
phthalmos.  (Weintraub,  Pekonen) 

II.   Polypeptide  Hormones 

A.   Biosynthesis  and  Regulation 

The  biosynthesis  of  TSH  and  its  subunits  has  been  studied  in  primary 
cultures  of  dispersed  cells  from  mouse  pituitary  thyrotropic  timiors  by  pulse 
labeling  and  immunochemical  methods.   In  the  intact  cells,  the  earliest 
precursors  observed  are  low  molecular  weight  forms  of  the  ct -subunit .   The 
size  increases  during  1-4  hours,  presumably  as  a  result  of  progressive  glyco- 
sylation.   Only  the  "mature"  a -subunit  was  capable  of  combining  with  the 
TSH-S.   The  latter  subunit,  which  also  appeared  early,  was  the  limiting 
factor  in  TSH  secretion  into  the  medium.   Excess  glycosylated  TSH-a  was 
also  secreted  from  the  cell. 

Messenger  RNA  was  isolated  from  the  same  tumors  and  was  translated  in 
wheat  germ,  reticulocyte  or  frog  oocyte  systems.   In  wheat  germ  and  reticulo-  'j 
cytes,  the  major  product  was  140,000  dalton  TSH-a  (i.e.,  pre-TSH-a) .   In 
the  oocyte,  a  larger  form  was  found,  corresponding  to  glycosylated  TSH-a. 
In  addition,  there  was  an  unglycosylated  form  of  TSH-a  as  well  as  a  pre- 
cursor of  TSH-6.   The  latter  was  found  in  much  smaller  amounts.   (Weintraub, 
Rosen,  Giudice) 
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Similar  studies  of  chorionic  gonadotropin  biosynthesis  have  been  initiated 
in  permanent  cloned  lines  of  human  choriocarcinoma  cells  (JEG-3) .   Preliminary 
experiments  show  considerable  similarily  between  HCG  and  TSH  biosynthesis. 
(Rosen,  Weintraub,  Dean) 

The  mouse  thyrotropic  tumor  cells  have  also  been  used  to  study  the 
regulation  of  TSH  secretion  by  thyrotropin  releasing  hormone  (TRH) .   A  se- 
cretory response  can  be  observed  with  lO"-'-^  M  TRH.   Crude  extracts  of  hypo- 
thalamus from  normal,  hypothyroid  or  hyperthyroid  rats  revealed  that  the  con- 
tent of  immunochemically  detected  TRH  was  5-fold  greater  than  that  detected 
by  bioassay.   In  cold-stressed  rats,  there  was  a  2-fold  excess.   These  data 
suggest  that  the  hypothalamic  content  of  TRH  is  constant  under  conditions 
where  TSH  response  varies  greatly.   Inhibitory  factors  such  as  somatostatin 
may  play  a  role  in  pituitary  regulation  by  TRH.   (Weintraub,  Marshall) 

B.   Ectopic  Polypeptide  Hormone  Syndromes 

The  concentration  of  the  3-subunits  of  chorionic  gonadotropic  (CG)  and 
pituitary  glycoprotein  hormones  (LH,  FSH  and  TSH) ,  as  well  as  the  common  a- 
subunit,  has  been  determined  in  541  cancer  patients  and  559  matched  controls. 
CG-8,  and  ot-subunit,  were  found  to  be  useful  cancer  markers  when  strict 
quantitative  criteria  for  positivity  were  applied.   In  bronchogenic  carcinoma, 
CG-3  and  a  were  each  positive  in  5%  of  patients.   In  various  gastrointestinal 
cancers,  the  positivity  rate  was  9%  for  CG-6  and  4%  for  a.   In  adenocarcinoma 
of  the  pancreas,  18%  were  positive  for  CG-6,  whereas  in  islet  cell  carcinoma, 
33%  were  positive  for  a  and  7%  for  CG-S.   In  breast  cancer,  none  were  positive. 
Pituitary  6-subunits  were  positive  in  less  than  1%  of  patients.   The  study 
shows  that  ectopic  glycoprotein  hormone  production  is  discordant  and  is  not  a 
random  process.   (Rosen,  Weintraub,  Blackman,  Kourides) 

These  and  other  polypeptide  hormones,  as  well  as  certain  fetal  proteins 
(AFP  and  CEA)  were  measured  in  42  cultured  malignant  human  cell  lines  and  18 
non-malignant  lines.   Ectopic  production  was  found  much  more  commonly,  but  not 
exclusively,  in  the  malignant  lines.   Of  the  42  malignant  lines,  13  produced 
CG-B,  8  produced  ct,  8  prolactin,  2  LH-6 ,  11  AFP  and  4  CEA.   None  produced  PL, 
GH  or  FSH-6.   Production  was  also  quantitatively  greater  in  the  malignant 
lines.   Many  lines  produced  more  than  one  protein.   The  findings  are  in  keep- 
ing with  those  in  cancer  patients.   Cancer  chemotherapeutic  agents  had 
different  effects  on  each  of  these  ectopic  secretory  products.   (Rosen, 
Weintraub,  Aaronson) 

III.   Steroid  Hormone  Secretion  by  the  Adrenal 

The  mechanism  of  steroid  hormone  secretion  was  investigated  in  cultured 
adrenal  tumor  cells  (Y-1) .   Involvement  of  cytoskeletal  elements  was  shown  by 
experiments  in  the  cytochalasin,  an  agent  which  affects  the  properties  of 
microfilaments.   Cytochalism  causes  a  2-3  fold  stimulation  of  steroid  secretion, 
but  its  potency  is  less  than  that  of  ACTH.   The  cytochalasin  effect  resembles 
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that  produced  by  ACTH  in  several  ways:   The  effect  is  rapid,  reversible  and 
decreased  by  inhibitors  of  protein  synthesis,  and  occurs  at  a  stage  before 
pregnenolone  formation.   The  cell  rounding  produced  by  both  cytochalasin  and 
ACTH  can  be  uncoupled  from  steroidogenesis.   Unlike  ACTH,  however,  cyto- 
chalasin does  not  increase  cellular  levels  of  cAMP  at  concentrations  that  cause 
maximal  steroidogenesis.   Since  the  cytochalasin  effect  does  not  occur  in  the 
absence  of  serum  and  is  corrected  by  high  density  lipoprotein  (HDL)  but  not  hy  ^h 
low  density  lipoprotein  (LDL) ,  it  appears  that  cytochalasin  may  enhance  the 
availability  of  cholesterol  bound  to  HDL  for  steroidogenesis.   (Cortese,  Wolff) 

IV.   Studies  on  Cell  Surface  Protein  (CSP) 


CSP  is  a  cell  surface  protein  involved  in  cell  transformation.   Previous 
studies  on  this  protein  were  limited  because  of  its  low  solubility  below 
pH  11.0.   The  current  studies  were  done  with  a  cold- insoluble  globulin  (CIg) 
from  serum  which  has  molecular  and  immunological  properties  very  similar  to 
those  of  CSP.   CIg  is  soluble  at  neutral  pH,  but  loses  a  significant  amount 
of  its  structure  when  the  pH  is  raised  to  11.0.   (Edelhoch,  Alexander) 

V.   Adenylate  Cyclase  of  B.  Pertussis 

The  pathogenic  organism,  Bordetella  Pertussis ,  secretes  biologically 
active  substances  into  the  growth  medium  or  into  the  infected  organism.   The 
production  of  extracytoplasmic  adenylate  cyclase  was  found  to  be  stimulated 
as  much  as  1000-fold  by  a  protein  fraction  of  human  and  rabbit  erythrocytes, 
bovine  liver  and  hamster  tracheal  mucosa.   This  protein  is  being  purified  in 
order  to  define  its  characteristics  and,  ultimately,  its  mechanism  of  action. 
Two  other  bacterial  products  have  the  property  of  causing  hyper insulinemia  in 
infected  rats  and  mice.   One  is  a  protein  which  causes  a  late  effect  on 
insulin  (7  days  after  inoculation),  whereas- the  other  is  an  endotoxin  which 
acts  within  6  hours.   The  relation  of  these  factors  to  vaccine  reactions  and 
clinical  whooping  cough  are  under  study.   (Hewlett,  Wolff) 
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SUMMARY  OF  WORK  1,200  «ords  or    less  -  underline  keywords) 

The  structure  and  the  binding  reactions  of  the  thyroxine  transport  proteins  of 
serum  have  been  investigated  further.   The  20  N-terminal  amino  acids  of 
thyroxine-binding  globulin  CTBG)  were  sequenced,  and  appear  to  be  unique  to 
this  protein.   Totally  deglycosylated  TBG  retains  the  ability  to  bind  thyroxine 
Affinity  labeling  showed  that  tyrosine  and  lysine  residues  are  constituents 
of  th-e  binding  surface.   By  the  use  of  spin-labeled  analogs  of  thyroxine,  it 
was  shown  that  the  size  and  shape  of  the  binding  sites  in  albumin,  PA  and  TBG 
are  different.   The  negative  cooperativity  observed  in  thyroxine  binding  to 
prealbumin  appears  to  be  due  to  an  allosteric  effect  caused  by  binding  of  the 
first  hormone  molecule  to  one  of  the  two  identical  binding  sites. 
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Thyroxine-binding  globulin  (TBG) ,  the  major  serum  transport  protein  for 
thyroid  hormones,  was  further  characterized.   The  sequence  of  the  first  20  N- 
terminal  amino  acids  was  determined.   The  findings  substantiated  our  previous  , 
evidence  that  TBG  consists  of  a  single  polypeptide  chain.   The  sequence 
showed  no  analogy  with  any  portion  of  prealbumin  (PA) ,  another  thyroxine 
transport  protein  of  serum,  nor  was  there  analogy  with  any  other  known  protein 
sequence. 

Total  deglycosylation  of  TBG  was  achieved  by  an  enzymatic  procedure.   The 
product  retained  the  ability  to  bind  thyroxine,  indicating  that  the  carbo- 
hydrate chains  are  not  essential  for  this  interaction.   Furthermore,  radio- 
immunoassay using  rabbit  anti-TBG  showed  that  deglycosylation  does  not  change 
the  immunogenic  properties  of  the  protein.   Studies  are  under  way  to  evaluate 
the  quantitative  aspects  of  binding  to  aglyco-TBG . 

Affinity-labeling  of  TBG  with  bromoacetyl  thyroxine  showed  that  tyrosine 
and  lysine  are  components  of  the  thyroxine  binding  surface.   Studies  are  in 
progress  to  isolate  and  characterize  the  derivatized  peptides.   Our  previous 
studies  showed  that  lysine  was  one  -f  the  amino  acids  in  prealbumin  which 
reacts  with  the  thyroxine  side  chain. 

Spin-labeled  analogs  of  thyroxine  were  synthesized  and  used  to  study  the 
properties  of  the  binding  sites  on  the  three  transport  proteins  of  plasma. 
It  was  found  that  the  binding  sites  of  PA  and  TBG  have  a  similar  depth  of 
approximately  20A.   In  keeping  with  the  results  of  X-ray  crystallography,  the 
spin-labeled  study  showed  that  the  thyroxine  binding  site  of  PA  is  wider  at 
the  entrance  of  the  binding  channel  where  the  side  chain  is  located. 

Further  investigation  of  the  negative  cooperativity  in  the  binding  of 
thyroxine  to  prealbumin  was  carried  out.   The  binding  of  the  first  thyroxine 
molecule  to  one  of  the  two  identical  sites  results  in  a  minor  conformational 
change  in  the  protein  as  evidenced  by  a  shift  in  UV  absorption  and  a  change 
in  sensitivity  to  tryptic  digestion.   This  is  the  likely  cause  of  the 
cooperative  binding  since  structural  analysis  by  Blake  indicates  that  steric 
interaction  could  not  take  place. 

The  interaction  of  thyroxine-transport  proteins  with  rhodamine  deriva- 
tives of  thyroid  hormones  was   studied.   The  fluorescence  of  rhodamine  was 
quenched  upon  convalently  linking  to  thyroxine  and  regenerated  upon 
binding  of  rhodamine-T4  to  TBG.   Similar  phenomena  were  observed  with 
rhodamine-T3 .   Study  is  underway  to  elucidate  the  mechanism  of  quenching 
of  the  fluorescence  of  rhodamine  by  the  thyroid  hormones  and  to  explore  the    ' 
nature  of  the  binding  site  by  these  derivatives. 

The  accumulation  of  the  rhodamine  derivatives  by  cultured  cells  was 
investigated.   Patching  of  rhodamine-T^  and  rhodamine-T3  on  the  plasma 
membrane  of  Swiss  3T3-4  and  Chinese  hamster  ovary  cells  was  observed  within 
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15  min.   Pathces  migrated  and  internalized  to  lysosomal  structures  after 
2  hours.   In  contrast,  no  patch  was  formed  with  rhodamine-thyronine, 
rhodamine-alanine  and  rhodamine.   The  possible  physiological  importance 
of  this  phenomenon  is  under  study. 
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anilinonaphthalene-1-sulf onate  fluorescence.   Biochemistry  16:   3707- 
3713,  1977. 

2.  Cheng,  S.-Y.,  Wilcheck,  M. ,  Cahnmann,  H.  J.  and  Robbins,  J.:   Affinity 
labeling  of  human  serum  prealbumin  with  N-bromoacetyl-L-thyroxine . 

J.  Biol.  Chem.  252:   6076-6081,  1977. 

3.  Gershengorn,  M.  C,  Cheng,  S.-Y.,  Lippoldt,  R.  E.  ,  Lord,  R.  S.  and 
Robbins,  J.:   Characterization  of  human  thyroxine-binding  globulin. 
J.  Biol.  Chem.  252:   8713-8718,  1977. 
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Chem.  252:   8719-8723,  1977. 

5.  Cheng,  S.-Y. :  Partial  amino  acid  sequence  of  human  thyroxine-binding 
globulin.  Further  evidence  for  a  single  polypeptide  chain.  Biochem. 
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The  CMC  of  mixed  gangliosides  was  measured  by  boundary  sedimentation  on  a 
sucrose  gradient. 

The  binding  constants,  inactivation  rates  and  oxidation  rates  of  various 
goitrogens  by  lactoperoxidase  have  been  evaluated  in  the  absence  and 
presence  of  iodide. 

The  molecular  properties  of  serum  cold- insoluble  globulin  have  been  compared 
to  those  of  the  cell  surface  protein  isolated  from  chicken  fibroblasts. 

It  has  been  shown  that  a  conformational  change  occurs  when  T,  is  bound  to 
prealbumin. 
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Work  on  gangliosides  has  continued.   We  have  found  that  the  rate  of 
dissociation  of  micelles  is  very  low  and  incomplete  even  after  two  weeks. 
By  dissolving  the  gangliosides  in  DMSO  where  they  are  dissociated  it  has 
been  possible  to  measure  critical  micelle  concentrations  (CMC)  by  diluting    0^ 
them  into  aqueous  media.   Boundary  centrifugation  in  sucrose  density 
gradients  gave  sedimenting  patterns  in  which  the  concentration  of  non- 
sedimenting  monomer  molecules  was  near  10~10  M.   This  value  is  about  five 
order  of  magnitude  lower  than  those  reported  by  earlier  investigators.   In 
looking  for  a  substance  to  reduce  binding  to  the  walls  of  tubes  we  found 
that  the  gangliosides  were  bound  to  albumin  but  not  to  gelatin. 

We  have  investigated  the  properties  of  a  protein  from  serum  (cold 
insoluble  globulin-CIg)  which  has  molecular  and  immunological  properties 
very  similar  to  the  protein  isolated  from  transformed  fibroblasts  by 
Yamada  and  Pasten,  i.e.,  CSP.   The  protein  from  serum,  however,  is  much 
more  soluble  than  CSP  and  can  be  studied  at  neutral  pH.   We  have  shown  that 
the  properties  of  CIg  are  unaffected  by  increasing  the  pH  from  7.0  to  9.0 
but  that  a  significant  amount  of  structure  is  lost  by  pH  11.0.   Earlier 
studies  on  CSP  were  confined  to  pH  11.0  since  it  was  not  sufficiently 
soluble  at  lower  pH  values  and  tended  to  come  out  of  solution. 

Further  work  on  the  effects  of  goitrogens  on  the  properties  of  lacto- 
peroxldase  has  been  initiated  with  the  visit  of  Prof.  J.  Nunez  to  the 
laboratory.   We  have  been  able  to  develop  a  computer  analysis  of  the  effects 
of  iodide  on  the  kinetics  of  the  enzyme  activity  in  order  to  obtain  the 
rates  of  inactivation,  the  binding  constants,  and  the  oxidation  rates  of 
most  of  the  common  goitrogens,  i.e.,  MMI ,  MTU,  thiobarbiturate ,  thiohydan- 
toin  and  various  alkylated  thioureas  and  two  sulfhydryl  compounds.   Iodide 
affects  either  the  enzyme  inactivation  rate  or  the  oxidation  rate  but  not 
the  binding  constants  for  the  goitrogens. 

In  order  to  understand  the  origin  of  the  negative  cooperativity  in  T4 
and  T3  binding  to  prealbumin  (PA)  we  have  evaluated  the  effects  of  T4  on 
the  structure  of  PA.   Binding  of  one  mole  of  T4  produces  a  small  blue 
shift  in  the  near  ultraviolet  absorption  spectrum  of  PA.   The  second  mole 
bound  has  no  further  effect.   Since  none  of  the  aromatic  chromophores  of 
PA  is  in  the  binding  site,  the  obvious  interpretation  of  the  blue  shift 
is  that  a  minor  conformational  change  occurs  with  binding  on  the  first 
site.   Fluorescence  measurements  and  tryptic  digestion  support  this  inter- 
pretation. 
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1.   Formisano,  S. ,  Johnson,  M.  L.  and  Edelhoch,  H. :   Effects  of  Hofmeister 
salts  on  the  self-association  of  glucagon.   Biochemistry  17:   1468- 
1473,  1978. 
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In  vivo   analysis  in  the  guinea  pig  of  the  kinetics  of  labeling  of  the  three 
polypeptide  chains  which  comprise  thyroglobulin  show  that  most  of  the  syn- 
thesized protein  is  the  longest  or  A  chain.   The  B  chain  and  C  chains  were 
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Project  Description: 

The  origin  of  the  three  polypeotide  chains  (A,  B,  and  C,  of  molecular 
weights  300,000,  210,000  and  110,000  daltons)  which  comprise  thyroglobulin 
in  the  guinea  pig  was  studied  in  dispersed  cell  tissue  culture,  in  vivo   and 
in  tissue  slices.   Thyroid  cells  from  guinea  pigs  were  easily  grown  to  con- 
fluence in  tissue  culture  and  could  be  maintained  for  5  to  10  days.   Thyro- 
globulin was  synthesized  but  was  rapidly  degraded  in  the  culture  medium  and 
no  inhibitors  of  protein  synthesis  were  found  to  be  effective  in  controlling 
degradation.   A  detailed  kinetic  analysis  of  thyroglobulin  synthesis  in  vivo 
following  H-leucine  administration  was  conducted.   Since  the  specific  acti- 
vity of  both  intracellular  free  leucine  and  each  of  the  chains  of  thyroglobu- 
lin were  determined  for  350  hours,  the  models  which  fit  the  data  were  severe- 
ly limited.   It  was  found  that  most  of  the  thyroglobulin  was  synthesized  as 
A.   Most  of  A  was  degraded  rapidly  but  about  10%  was  stored  and  5%  was  con- 
verted to  B  and  C.   For  adequate  fitting  of  the  data,  direct  synthesis  of 
some  of  B  was  reauired.   However,  a  model  with  direct  synthesis  of  A,  B  and 
C  without  interconversion  of  A  to  B  and  C  would  not  fit  the  experimental 
results.   No  direct  synthesis  of  C  was  required.   Short  term  studies  with 
thyroid  tissue  slices  showed  that  qualitatively  most  of  B  and  C  were  derived 
from  A.   It  is  concluded  that  A  is  the  major  thyroglobulin  subunit  synthe- 
sized by  the  guinea  pig  thyroid.   It  is  converted  into  B  and  C.   A  portion 
of  B  must  also  be  synthesized  directly.   The  data  are  insufficient  to  prove 
where  there  is  any  direct  synthesis  of  C. 
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Further  studies  of  fine  needle  aspiration  cytology  in  thyroid  nodules  have 
shown  this  procedure  to  be  a  valuable  method  of  preoperative  diagnosis, 
especially  in  patients  presenting  an  increased  risk  for  surgical  biopsy. 
The  follow-up  management  of  thyroid  cancer  appears  to  be  capable  of  simplifica- 
tion since  studies  have  shown  that  a  brief  period  of  hypothyroidism,  before 
the  patient  becomes  symptomatic,  is  adequate  to  stimulate  even  minor  radio- 
iodine  uptake.   Lithium  has  been  shown  in  a  second  patient  to  slow  the  loss  of 
radioiodine  from  the  tumor,  and  thus  may  be  useful  in  improving  the  risk:benefit 
ratio  in  -'-■^■'-I  therapy.   Three  additional  cases  of  inappropriate  TSH  secretion 
are  under  investigation  to  document  a  possible  decrease  in  peripheral  con- 
version of  thyroxine  to  triiodothyronine. 
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Project  Description: 

Thyroid  Cancer  Diagnosis:   Studies  are  continuing  on  the  role  of  fine  needle 
aspiration  biopsy  in  the  preoperative  diagnosis  of  thyroid  nodules  and  of      ^ 
other  types  of  goiter.   The  accuracy  of  positive  cytology  for  thyroid  cancer  ^ 
has  been  verified  in  additional  cases,  and  the  ability  to  diagnose  lympho- 
cytic thyroditis  in  some  cases  of  goiter  has  been  established. 

Studies  of  improved  methods  for  radioiodine  testing  of  thyroid  cancer 
are  also  continuing.   The  current  phase  of  testing  is  to  determine  whether  a 
brief  period  of  hypothyroidism  is  sufficient  for  the  diagnosis  of  residual 
thyroid  tissue  after  total  thyroidectomy  or  of  the  presence  of  thyroid  cancer  . 
metastases.   The  findings  in  additional  cases  in  which  minimal  and  severe 
hypothyroid  states  have  been  investigated  suggest  that  minimal  hypothyroidism 
is  adequate. 

Thyroid  Cancer  Treatment:   The  effect  of  lithium  has  been  studied  in  a  second 
case  of  follicular  thyroid  cancer.   It  was  again  demonstrated  that  lithium 
causes  an  increase  in  radioiodine  retention  by  the  tumor.   ■'--'■'-I  therapy  in 
this  patient  was  accomplished  without  radiation  toxicity, indicating  that  the 
toxicity  seen  in  the  first  patient  probably  was  anomalous. 

Inappropriate  Secretion  of  TSH:   Three  additional  patients  with  this  syndrome 
were  investigated.   All  had  elevated  TSH  secretion  without  evidence  for  a      ^^ 
pituitary  tumor  and  without  hypothyroidism.   The  finding  of  a  high  ratio  of    \ 
serum  thyroxine  (T/^)  to  triiodothyronine  (T-,)  has  raised  the  possibility  that 
decreased  monodeiodination  of  thyroxine  may  be  related  to  hormone  resistance 
in  these  patients.   Studies  are  under  way  to  measure  T^  to  T3  conversion  by 
the  use  of  labeled  hormones . 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  continue  to  study  the  prevalence  and  specificity  of  placental  proteins 
(chorionic  gonadotropic  and  its  free  alpha  (a)  and  beta  subunits  (CG-3) , 
placental  lactogen,  placental  alkaline  phosphatase,  and  pregnancy-specific 
be tai -glycoprotein  (SP]_)  as  cancer  markers  in  vivo  and  in  vitro.   Study  of 
more  than  1000  sera  from  cancer  patients  and  patients  with  a  variety  of  non- 
malignant  disorders  reveals  a  higher  prevalence  of  a  and  CG-g  compared  to 
pituitary  beta  subunits  (LH-g,  FSH-g  and  TSH-3).   In  a  study  of  42  malignant 
lines  and  18  normal  fibroblast  strains  in  vitro,  a  similar  higher  prevalence 
of  ectopic  a  and  CG-8  relative  to  pituitary  LH-S ,  FSH-g,  growth  hormone  and 
prolactin  was  observed.   At  the  levels  of  detection  used,  ectopic  PL  produc- 
tion was  not  detected.   These  data  suggest  that  ectopic  production  of  even 
closely  related  proteins  is  not  a  random  process. 

SPx  has  been  found  in  cultures  of  normal  human  fibroblasts. 
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Project  Description: 

A.  In  Vivo  Studies 

We  have  determined  concentrations  of  the  placental  subunit  CG-6,  the 
pituitary  a  subunits  (LH-g,  FSH-g,  TSH-S)  and  the  common  a.   subunit  in 
sera  from  1100  patients  -  541  cancer  patients  and  559  appropriately 
matched  controls  including  normal  subjects  and  patients  with  nonmalignant 
diseases.   When  a  stringent  quantitative  criterion  for  "positivity"  was 
used  (values  greater  than  the  highest  nonmalignant  control)  both  a  and 
CG-S  were  useful  markers  for  certain  malignancies  and  their  ectopic 
secretion  exceeded  that  of  pituitary  6  subunits.   In  307  patients  with 
various  histologic  types  of  bronchogenic  cancer,  the  prevalence  of  a  was 
5%,  that  of  CG-B  was  5%  and  that  of  pituitary  3-subunits  only  1%  or  less. 
In  188  patients  with  a  variety  of  GI  cancers,  the  prevalence  of  a   was 
4%,  CG-S  9%  and  pituitary  S-subunits  again  1%  or  less.   Of  28  patients 
with  adenocarcinoma  of  the  pancreas,  sera  from  18%  were  positive  for 
CG-3  but  none  for  a.   By  contrast,  33%  of  patients  with  islet  cell 
carcinoma  of  the  pancreas  were  positive  for  a,   and  7%  for  CG-S. 

Some  workers  have  claimed  that  the  prevalence  of  complete  CG  or 
CG-S  in  sera  from  breast  cancer  is  as  high  as  49%.   In  many  of  these 
cases,  relevant  control  populations  and  quantitative  criteria  have  not 
been  critically  defined.   In  our  study  of  52  women  with  breast  cancer, 
the  data  were  analyzed  relative  to  a  control  population  of  hypergonado- 
tropinemic  women.   None  were  positive  for  a  and  only  one  for  CG-S. 

Thus  ectopic  production  of  a  and  CG-6  is  discordant,  occurs  more 
frequently  than  ectopic  production  of  pituitary  S-subunits,  may  be  quite 
prevalent  in  certain  cancers  and  almost  entirely  absent  in  others.   Hence, 
ectopic  production  of  even  closely  related  proteins  is  not  a  random 
process. 

B.  In  Vitro  Studies 

Interpretation  of  ectopic  protein  production  _in  vivo  is  complicated 
by  production  of  the  putative  ectopic  protein  by  a  normal  (eutopic) 
source,  by  certain  concurrent  diseases  or  by  alterations  in  the  metabolic 
clearance  rate  of  the  ectopic  protein.   To  avoid  such  caveats,  we  have 
turned  to  J^  vitro  systems.   Study  of  42  malignant  human  cell  lines  and 
18  nonmalignant  cell  strains  revealed  that  ectopic  protein  production  was 
highly  prevalent,  occurring  primarily  but  not  exclusively  in  malignant 
cells.   We  studied  a,  CG-S,  placental  lactogen  (PL),  certain  pituitary 
proteins  (GH,  PRL)  and  glycoproteins  (LH-S,  FSH-S) ,  and  certain  oncofetal 
proteins  (CEA,  AFP).   Of  the  42  malignant  lines,  13  produced  CG-S,  8 
produced  a,  8  prolactin,  2  LH-S,  H  AFP  and  4  CEA.   No  line  produced 
detectable  PL,  GH  or  FSH-S.   Of  the  18  non-malignant  strains,  2  produced 
CG-S,  one  PRL  and  2  AFP.   none  of  the  normal  strains  produced  more  than 
0.5  picomoles  of  ectopic  protein  whereas  six  malignant  lines  produced 
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1 . 0  or  more  and  two  produced  a  in  excess  of  35  picomoles.   Some  malignant 
lines  produced  only  a  single  ectopic  protein,  others  produced  two,  in 
different  combinations,  and  still  other  malignant  lines  produced  three 
different  ectopic  proteins.   No  malignant  lines,  or  normal  strains 
produced  progesterone,  17oi-OH-progesterone,  Cortisol,  aldosterone  or 
testosterone,  demonstrating  that  the  many  enzymes  necessary  for  bio- 
synthesis of  these  steroids  are  not  expressed  simultaneously.   The 
higher  prevalence  of  CG-S  and  a  than  the  pituitary-S  subunits  in   vitro 
mirrors  our  finding  in  vivo, as  does  the  non-random  expression  of  even 
closely  related  peptides  such  as  CG-S :pituitary  3s,  and  PL:PRL. 

We  have  also  studied  ultrastructural  correlates  of  ectopic  protein 
production  in  the  a  subunit-producing  lung  cancer  clone  ChaGo-K]^. 
Butyrate-stimulated  a  production  was  accompanied  by  a  variety  of  quan- 
titatively evaluated  ultrastructural  changes,  notably  a  marked  decrease 
in  condensed  chromatin  clumps,  perhaps  reflecting  a  butyrate-induced 
biochemical  modification  of  chromatin  leading  to  enhanced  accessibility 
of  certain  genes  for  transcription. 

Studies  of  Chang  liver  cells  Jji  vitro  has  shown  a  very  high  a  subunit 
production  rate  (in  the  range  of  ChaGo ,  the  lung  carcinoma  line).   The 
placental  isozyme  of  alkaline  phosphatase  (PAP)  may  also  be  produced  by 
Chang  cells.   We  have  found  that  production  of  a  and  PAP  is  discordant. 
This  is  further  evidence,  in  a  new  cell  line,  that  the  derepression  of 
different  placental  genes  can  occur  as  separate  events. 

Studies  with  the  Coleman  line  (human  gliobastoma)  have  shown  collagen 
and  CG-6  production  iri  vitro.   The  former  is  stimulated  by  diacetyl- 
diaminohexane  but  this  agent  failed  to  enhance  ectopic  CG-S  production. 

Normal  placental  syncytiotrophoblast  is  generally  believed  to  be  the 
only  non-malignant  cell  producing  the  "pregnancy-specific"  beta]_-glyco- 
protein  (PSBG,  SP]^)  .   We  have  now  found  SP-j^  in  media  (but  not  control 
media),  and  in  cell  sonicates,  from  cultures  of  human  fibroblasts  derived 
from  normal  persons  and  from  patients  with  a  variety  of  genetic  (but  not 
neoplastic)  diseases.   Fibroblast  SP]_  was  immunochemically  indistinguish- 
able from  placental  SVi.      Thus,  as  with  other  "specific"  placental  pro- 
teins, a  clinical  diagnosis  of  ectopic  SP]^  production  will  require  careful 
comparison  to  relevant  control  patient  populations. 

The  effect  of  5  different  cancer  chemotherapeutic  agents  on  a   produc- 
tion by  ChaGo  was  studied  in  separate  experiments.   Neither  methotrexate 
nor  vincristine  demonstrated  major  effects  on  a   secretion,  but  each 
moderately  depressed  cell  number  and  each  produced  major  inhibition  of 
protein  synthesis.   Procarbazine  inhibited  marker  production  only  in 
slight  excess  of  inhibition  of  cell  growth  and  cell  protein.   By  con- 
trast, actinomycin-D  and  m.echlorethamine  profoundly  inhibited  ct  production 
in  excess  of  cell  growth.   These  data  suggest  a  mechanism  for  certain 
cases  of  discordance  between  hormone  production  and  clinical  status. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Glycoprotein  hormones  and  free  subunits  are  secreted  by  the  pituitary, 
placenta,  and  certain  tumors  both  in  vivo  and  in  vitro.   Normal  cells  synthesize 
a  subunit  in  excess  of  6  subunit,  but  the  production  of  the  latter  is  prefer- 
entially regulated  by  various  hormones.   Pituitary  and  other  tumors  may  secrete 
a  in  greater  excess  and  may  be  autonomous  to  normal  regulatory  factors.   Bio- 
synthetic  studies  have  shown  that  the  a  and  6  subunits  are  independently 
sunthesized  initially  as  precursor  forms  that  are  glycosylated  before  combining 
to  form  active  hormone.   Only  glycosylated  hormones  and  free  a  are  secreted. 
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A.  Biosynthesis  of  TSH  and  Subunlts  in  Dispersed  Pituitary  Tumor  Cells 

We  have  continued  studies  of  TSH  biosynthesis  using  primary  cultures 
of  dispersed  cells  from  mouse  pituitary  thyrotropic  tumors.   Previous      . 
studies  from  our  laboratory  have  shown  that  such  cells  are  hormone-       ^ 
responsive  and  secrete  unlabeled  TSH  and  excess  free  ct  subunit  but  no 
gonadotropin  or  prolactin.  We  have  recently  used  these  cells  to  define 
precursor-product  relationships  in  both  cell-free  and  intact  cell  bio- 
synthetic  experiments. 

Poly-A  containing  mRNA  has  been  isolated  and  translated  in  the  wheat 
germ,  reticulocyte  and  frog  oocyte  systems  using  -^^S  methionine  of  high 
specific  activity.   In  the  wheat  germ  and  reticulocyte  systems  the 
primary  protein  translated  (25-50%  of  all  proteins)  was  "pre-a"  a  14,000 
dalton  precursor  presumably  containing  a  hydrophobic  "pre"  or  "signal" 
piece.   This  protein  was  identified  by  its  immunoprecipitation  with  specific 
anti-bovine  TSH-a  but  not  with  anti-TSH-6  or  with  nonimmune  serum.   In  the 
oocyte  there  were  2  additional  forms  of  a:  a  22,000  dalton  form  identical 
to  standard  glycosylated  a  and  a  10,000  dalton  form  corresponding  to  a 
with  an  unglycosylated  protein  core  and  no  pre-piece.   A  precursor  of 
TSK-6  (16,000-17,000  daltons)  has  been  tentatively  identified,  but  is 
present  in  much  smaller  amounts . 

In  intact  cell  experiments  the  earliest  precursors  noted  during  a  -'-'-'  ^J 
minute  pxilse  with  ^^g  methionine  are  15,000-18,000  dalton  a  forms  that  ap- 
pear to  be  core  glycosylated  and  cleaved  of  the  "pre"  piece.   During  a. 1-4 
_  hr  chase  with  excess  unlabeled  methionine,  a  shifted  to  higher  molecular 
weight  forms  of  20,000-21,000,  presumably  the  result  of  progressive 
glycosylation.   This  "mature"  a  was  uniquely  capable  of  combining  with 
the  limiting  TSH-S  soon  after  its  appearance  at  ca.  30  min.  of  the  chase 
period.   In  the  media  TSH  and  excess  glycosylated  a  appeared  at  120  min. 
and  secretion  of  the  pulse-labeled  forms  was  complete  by  240  min. 

Experiments  are  in  progress  to  chemically  characterize  various  35s- 
labeled  a  forms  by  identifying  tryptic  and  cyanogen  bromide  peptides. 
Ultimately  we  plan  to  use  radioactive  microsequencing  techniques  to 
determine  the  amino  acid  sequence  of  large  regions  of  the  N-terminus. 

B.  Biosynthesis  of  HCG  in  Choriocarcinoma  Cells 

We  have  begun  similar  HCG  biosynthetic  experiments  using  permanent 
cloned  lines  of  choriocarcinoma  cells  (JEG-3) .   Preliminary  experiments 
suggest  that  thexe  are,  as  expected,  great  similarities  of  HCG  and  TSH     ^ 
biosynthesis.   However,  since  HCG  contains  more  carbohydrate,  particularly 
sialic  acid,  and  a  unique  C-terminal  extension  of  the  g  subunit,  it  will 
be  important  to  compare  its  bios3mthesis  to  that  of  TSH. 
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SUMMARY  OF  WORK 


j200  words  or  less  -  underline  keywords) 


Secretion  has  been  compared  with  adrenal  steroid  secretion.   Unlike  thyroid 
secretion,  the  cytocholasius  stimulate  steroid  secretion.   This  process 
requires  the  presence  of  high-density  lipoproteins  and  suggests  there  is  a 
separate  pathway  for  cholesterol  utilization  depending  on  extracellular 
cholesterol. 

It  has  also  been  shown  that  adenosine  analogs  modulate  steroidogenesis  and 
adenylate  cyclase  by  two  different  receptors,  one  acting  extracellular ly, 
the  other  probably  on  the  catalytic  subunit  of  adenylate  cyclase. 
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In  continuation  of  studies  on  the  role  of  cytoskeletal  elements  on 
secretion,  we  have  studied  the  effect  of  cytochalasin  B,  a  microfilament 
reagent,  on  secretion  by  adrenal  cells.   The  cytochalasins  stimulate 
steroid  secretion  of  Y-1  adrenal  tumor  cells  2-3  fold.   The  order  of 
potencies  is  cytochalasin  E  >  D  >  B,  but  the  maximum  response  is  the  same 
and  always  less  than  with  ACTH.   Like  ACTH,  the  stimulation  has  a  rapid 
onset,  is  easily  reversible,  is  inhibited  by  cycloheximide  and  amino- 
glutethimide,  and  occurs  at  a  stage  before  pregnenolone.   Although  the 
cytochalasins,  like  ACTH,  produce  cell  rounding,  it  is  shown  that  this 
morphological  change  is  not  necessarily  coupled  to  steroidogenesis.   Unlike 
ACTH,  cytochalasin  B  does  not  measurably  increase  cellular  levels  of  cAMP 
at  concentrations  that  lead  to  maximal  steroidogenesis. 

The  cytochalasin  B-induced  stimulation  of  steroidogenesis,  unlike  the 
short-term  ACTH  effect,  fails  to  occur  in  the  absence  of  serum.   This  lack 
of  response  can  be  corrected  by  even  low  concentrations  of  human  high 
density  lipoproteins  (HDL)  but  not  by  low  density  lipoproteins  (LDL)  .   We, 
therefore,  propose  that  cytochalasin  B  enhances  the  availability  of 
cholesterol  bound  to  HDL  for  steroidogenesis  by  Y-1  adrenal  cells. 

Studies  on  the  role  of  adenosine  in  modulating  adenylate  cyclase 
activity  of  eukaryotic  plasma  membranes  have  been  continued.   The  effects 
of  adenosine  and  adenosine  analogs  on  adenylate  cyclases  from  several 
tissues  have  been  examined.   Two  adenosine-reactive  sites  have  been 
identified:   (1)  the  "R"  site,  occupancy  of  which  usually  leads  to  activa-  ■ 
tion  of  cyclase  and  which  requires  integrity  of  the  ribose  ring  for  activity, 
and  (2)  the  "P"  site,  which  mediates  inhibition  and  requires  integrity  of 
the  purine  ring  for  activity.   Biphasic  effects  of  adenosine  are  explained 
by  the  presence  of  both  sites  on  a  single  adenylate  cyclase.   Comparison  of 
these  data  with  those  in  the  literature  indicates  that  adenosine-reactive 
"P"  and  "R"  sites  are  present  generally.   The  effects  are  seen  in  thyroid 
membranes  (primarily  the  P  site),  turkey  erythrocytes  (P  +  R  sites),  fat 
cell  (P  +  R  sites  -  both  inhibitory),  etc.   The  physiologic  role  as  tonic 
inhibition  or  activation  of  basal  adenylate  cyclase  activity  is  currently 
under  study. 


Publications: 
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adenylate  cyclase.   Proc.  Natl.  Acad.  Sci.  U.S.A.  74:   5482-5486,  1977, 

2.  Cortese,  F.  and  Wolff,  J.:   Cytochalasin-stimulated  steroidogenesis 
from  high  density  lipoproteins.   J.  Cell.  Biol.  77:   507-516,  1978. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Beef  thyroid  membrane  adenylate  cyclase  has  been  solubilized  with  nonionic 
detergents  and  shown  to  have  the  following  properties:   1)  little  detergent 
binding  (v  =  0.75);  2)  molecular  weight  159,000;  (S  =  7.4)  ;  Km  for  ATP, 
thermal  stability  and  Ca''^-sensitivity  like  that  of  the  membrane-bound 
enzyme  but  a  slightly  higher  pH  optimum. 
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Project  Description: 

Characterization  of  thyroid  adenylate  cyclase  has  been  continued. 
Adenylate  cyclase  from  purified  beef  thyroid  membranes  has  been  solubilized 
by  the  use  of  Triton  N-101  after  preactivation  with  guanosine  5'-[6,Y-iiiiido]- 
triphosphate.   The  soluble  activity  passed  a  0.22  ym  filter,  was  not  sedi- 
mented  at  100,000  x  G  for  2  h  and  behaved  like  aldolase  in  sucrose  density 
gradients  and  on  Sepharose  6B.   From  comparison  of  the  sedimentation  in  D?© 
and  H2O  the  partial  specific  volume  was  found  to  be  like  that  of  globular 
proteins  (0.75  +  0.006),  hence  little  detergent  appeared  to  be  bound  to  the 
enzyme.   The  sedimentation  coefficient  was  7.4  +  0.15,  the  Stokes  radius 
45A,  and  the  molecular  weight  159,000. 

Prestimulation  by  thyrotropin  did  not  survive  solubilization.   The 
stimulation  produced  by  guanosine  5 '-[8 ,Y-imido] triphosphate  persisted  as 
did  the  more  active  state  resulting  from  pretreatment  with  both  this  nucleo- 
tide plus  TSH.   Thyrotropin  did  not  stimulate  the  solubilized  enzyme. 

The  K^  for  ATP,  thermal  stability,  and  inhibition  by  Ca"*"*"  were  identical 
for  the  membrane-bound  and  soluble  enzyme,  while  the  pH  optimum  was  increased 
0.5  unit  in  the  latter.   Polyanions  and  phenothiaz-'nes  inhibited  both  prepara- 
tions equally,  whereas  only  membranes  responded  to  stimulation  by  polylysine 
and  ribonuc lease. 


Publications : 

1.   Cook,  G.  H.  and  Wolff,  J.:   Melittin  interactions  with  adenylate  cyclase. 
Biochim.  et  Biophys.  Acta  498:  255-258,  1977. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  effect  of  polycations  on  membranes  has  been  extended  from  thyroid  to 
adrenal  membranes.   Polycations  stimulate  steroidogenesis  and  adenylate 
cyclase  by  nonspecific  interactions  that  mimic  the  effect  of  ACTH  both  on 
the  intact  cell  and  in  isolated  membranes. 
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Project  Description: 

Study  of  the  role  of  charge  effects  on  membranes  has  been  extended  to 
adrenal  cells.   Steroidogenesis  in  Y-1  adrenal  tumor  and  I-IO  Leydig  tumor 
cells  is  sensitive  to  polylysines  of  a  wide  molecular  weight  range.   At  low 
concentrations  of  polymer  there  is  a  5-10  fold  stimulation  of  steroidogenesis 
in  both  cell  lines.   This  is  abolished  at  higher  polylysine  concentrations. 
With  degrees  of  polymerization  >  9-10,  half-maximal  stimulation  occurs  at 
'^  1  X   10"^  M  monomer  concentration  irrespective  of  molecular  weight. 

Adenylate  cyclase  in  partially  purified  membranes  from  Y-1  and  I-IO  cells 
is  stimulated  by  polylysines  which  act  as  partial  agonists  under  these  condi- 
tions (in  contrast  to  steroidogenesis  where  responses  were  comparable  to 
maximal  effects  obtained  with  ACTH1~24  or  adenosine,  respectively).   Half- 
maximal  stimulation  for  all  molecular  weights  of  polylysine  occurred  at 
5  X  10~^  M  when  the  level  is  expressed  as  the  concentration  of  monomer.   As 
in  the  case  of  steroidogenesis,  ribonuclease  A  is  an  effective  stimulator  but 
spermine  stimulates  only  membranes  and  not  intact  cells.   At  concentrations 
below  those  producing  stimulation  of  steroidogenesis,  polylysine  inhibits 
ACTH-'-~2-^  stimulation  of  adenylate  cyclase  in  a  mixed  competitive-noncompeti- 
tive  manner. 

We  conclude  that  nonspecific  cationic  interactions  with  the  membrane  can 
lead  to  surface  changes  that  mimic  effects  produced  by  hormones. 

Publications : 

1.  Wolff,  J.  and  Cook,  G.  H. :   Stimulation  of  hormone  effects  by  polycations. 
Endocrinology  101:   1767-1775,  1977. 

2.  Saenger,  E.  L. ,  Eisenbud,  M. ,  Goldsmith,  P- D . ,  Ingraham,  H.  S.,  Stanbury, 
J.  B. ,  Wolff,  J.  and  ^  a^. :   Protection  of  the  Thyroid  Gland  in  the 
Event  of  Releases  of  Radioiodine.   Washington,  D.  C.,  National  Council  on 
Radiation,  1977,  p.  60. 
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SUMMARY  OF  ^ORK  (200  -ords  or  less  -  underline  keywords) 

Studies  on  the  enzymatically  and  biologically  active  products  of  Bordetella 
pertussis  have  been  continued.   The  adenylate  cyclase  of  the  organism,  which 
is  located  primarily  in  an  extracytoplasmic  location,  is  stimulated  to  in- 
crease its  activity  as  much  as  1000-fold  by  a  protein  found  in  mammalian 
erythrocytes,  liver,  and  tracheal  mucosa.   Two  components  of  B.  pertussis 
cause  elevation  of  circulating  insulin  levels  in  mice  and  rats.   Endotoxin 
is  responsible  for  an  early  hyperinsulinemia  peaking  at  8  hours  and  ending 
in  less  than  48  hours.   A  separate  heat-labile  factor  causes  increased 
insulin  levels  peaking  at  7  days  and  continuing  for  several  weeks. 
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Work  has  continued  on  two  aspects  of  Bordetella  pertussis  metabolism, 
physiology  and  mechanisms  of  pathogenesis.   First,  regulation  of  the  activity 
of  the  extracytoplasmic  adenylate  cyclase  has  been  studied.   During  growth  in 
sjmthetic  medium,  the  adenylate  cyclase  activity  peaks  in  early  to  mid-log 
phase  and  declines  as  growth  begins  to  slow.   There  is  a  partially  trypsin- 
sensitive  material  found  in  human  and  rabbit  erythrocytes,  bovine  liver  and 
hamster  tracheal  mucosa  which  stimulates  Bj_  pertussis  adenylate  cyclase 
2-1000  fold  depending  upon  the  growth  conditions.   This  factor  is  being  pu- 
rified and  characterized  at  present. 

Second,  administration  of  whole,  killed  B.  pertussis  organisms  results 
in  a  decrease  in  the  hyperglycemic  response  to  epinephine.   This  effect  is 
not  due  to  3-adrenergic  blockade  as  prviously  thought,  but  rather  secondary 
to  a  hyperinsulinemia  induced  by  a  product  of  the  organism.   In  characterizin 
the  enhanced  Insulin  secretion,  it  was  found  that  two  components  of  the 
bacteria  are  responsible.   E.  coli  or  B.  pertussis  endotoxin  induce  a 
transient  hyperinsulinemia  peaking  at  8  hours  and  associated  with  mild 
hypoglycemia.   A  separate  heat-labile  factor  causes  a  later,  prolonged 
normoglycemia  hyperinsulinemia  of  several  weeks'  duration.   The  relationship 
of  these  effects  to  vaccine  reactions  and  clinical  whooping  cough  is  being 
studied. 
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1.  Hewlett,  E.  L. ,  Wolff,  J.  and  Manclark,  C.  R. :   Regulation  of  Bordetella 
pertussis  extracytoplasmic  adenylate  cyclase.   In:   George,  W.  J.  and 
Ignarro,  L.  J.  (Eds.)   Advances  in  Cyclic  Nucleotide  Research.   New  York, 
Raven  Press.   9:   621-628,  1978. 

2.  Hewlett,  E.  L. ,  Manclark,  C.  R.  and  Wolff,  J.:   Adenyl  cyclase  in 
Bordetella  pertussis  vaccines.   Jj_  Inf.  Dis .  Suppl.  to  136 :   S216-S219, 
1977. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Spectral  shifts  in  the  Soret  region  and  in  the  long-wavelength  region 
(470-570  nm) ,  upon  addition  of  thiols  to  lactoperoxidase  are  not  artifacts 
caused  by  a  slow  generation  of  hydrogen  peroxidase  from  the  thiol  and  oxygen. 
Lactoperoxidase  appears  to  form,  in  the  presence  of  thiols  and  diiodotyrocine, 
a  ternary  complex. 
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The  investigation  of  the  red  shift  of  the  Soret  band  of  lactoperoxidase 
(LPO)  caused  by  thiols  (see  previous  annual  reports)  was  extended  to  the 
long-wavelength  region  (470-570  nin) .   Spectral  changes  in  that  region,  as 
well  as  the  inability  of  catalase  to  alter  the  thiol  shift,  confirmed  that 
H2O2  slowly  generated  from  the  thiol  in  the  presence  of  oxygen  is  not 
responsible  for  any  of  the  observed  spectral  changes.   They  are  caused 
exclusively  by  the  binding  of  the  thiol  to  the  heme  of  LPO.   Addition  of 
diiodotyrosine  (DIT) ,  which  binds  to  the  apoprotein  of  LPO,  to  the  LPO-thiol 
complex  increases  the  affinity  of  LPO  for  the  thiol.   The  kinetic  binding 
data  obtained  with  LPO,  thiols,  and  DIT,  as  well  as  the  binding  data  obtained 
with  LPO,  DIT-agarose,  and  thiol-agarose  can  be  explained  by  the  formation, 
in  the  presence  of  LPO,  thiol,  and  DIT,  of  a  ternary  complex  thiol-LPO-DIT 
in  which  the  association  constants  of  both  ligands  exceed  that  of  either 
LPO-thiol  or  LPO-DIT. 
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SUMMARY  OF  WORK  (200  «ords  or  less  -  underline  keywords) 

Further  studies  on  thyroxine-binding  globulin  (TBG)  metabolism  in  Rhesus 
monkey  has  focussed  on  possible  differential  effects  of  the  two  thyroid 
hormones.   Both  thyroxine  (T4)  and  triiodothyronine  (T3)  at  physiological 
levels  increase  TBG  disappearance  and  production  rates  to  the  same  extent. 
At  hyperthyroid  levels,  however,  T4  increases  TBG  production  whereas  T3 
decreases  production. 
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In  a  previous  study  we  showed  that  the  rate  of  thyroxine-binding  globulin 
(TBG)  production  in  Rhesus  monkeys  was  slowed  by  hypothyroidism  as  well  as 
by  hyperthyroidism  produced  by  triiodothyronine  (T3)  administration.   Since   ( 
thyroxine  (T4) ,  because  of  its  higher  blood  level,  could  have  a  specific 
effect  on  TBG  secretion,  the  relative  effects  of  T4  and  T3  were  investigated. 
Metabolism  of  125i-iabeled  TBG  was  measured  at  various  hormone  levels.   In 
hypothyroid  (thyroidectomized)  monkeys  treated  with  low  dose  T3  just 
sufficient  to  restore  serum  T3  to  normal,  the  disappearance  rate  (k)  and 
production  rate  (PR)  were  restored  to  normal.   Low  dose  T4  replacement  pro- 
duced no  further  effect.   At  high  levels  of  T^,  however,  TBG  production 
increases  rather  than  decreases  as  it  does  with  high  dose  T3,   Therefore, 
the  two  thyroid  hormones  appear  to  have  different  effects  on  TBG  secretion 
only  when  their  levels  are  high. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Studies  continue  on  two  syndromes  of  gonadotroph  hvpof unction:   the  syndrome 
of  hypogonadism  and  anosmia  (the  Kallman  syndrome)  and  isolated  familial 
hypo gonadotropic  hypogonadism. 
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A.  The  syndrome  of  hypogonadism  and  anosmia 

Studies  continue  on  familial  and  episodic  cases.   We  are  planning  careful 
evaluation  (HLA  anlaysis,  RBC  phenotyping)  of  the  wife  and  two  children    ,    , 
of  one  of  our  patients  with  phenotypic  features  (normal  testes)  of  a 
"fertile  eunuch." 

B.  Familial  isolated  hypogonadotropic  hypogonadism 

We  plan  to  reassess  the  responses  of  three  siblings  with  this  syndrome  to 
IV-LRF,  after  they  have  received  SC-LRF  daily  for  the  preceding  6  days. 
Studies  of  prolactin  physiology  continues  in  these  patients. 

Publications : 

1.   Spiegel,  A.  M. ,  Rosen,  S.  W. ,  Weintraub,  B.  D.  and  Marynick,  S.  P.: 

Effect  of  intravenous  pyridoxine  on  plasma  prolactin  in  hyperprolactinemic 
subjects.   J.  Clin.  Endo.  and  Metab.  46:   686-688,  1978. 
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SUMMARY  OF  WORK  (200  -ords  or  less  -  underline  keywords) 

We  have  developed  methods  to  measure  the  hypothalamic  hormone,  thyrotropin 
releasing  hormone  by  radioimmunoassay  and  bioassay  techniques.   In  crude 
hypothalamic  extracts  there  is  excess  iTnmuno logic  to  biologic  activity  of 
TRH  caused  by  variable  amounts  of  inhibitory  substances  such  as  somatostatin. 
The  immunologic  to  biologic  ratio  is  lower  during  cold  stress  but  not  in 
hyperthyroidism  or  hypothyroidism.   In  purified  extracts  there  is  a  constant 
amount  of  TRH  under  all  conditions.   Thus  TSH  secretion  is  primarily  regulated 
by  hypothalamic  inhibitory  factors. 
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We  have  recently  developed  techniques  to  measure  thyrotropin-releasing 
hormone  (TRH)  by  radioimmunoassay  and  by  bioassay.   The  latter  method  involves 
primary  cultures  of  dispersed  mouse  thyrotropic  tumor  cells  whose  TSH  secretio:^^'" 
can  be  stimulated  by  as  little  as  10"!%  TRH.   Methanol  extracts  of  ventral 
hypothalamus  were  obtained  from  normal,  hypothyroid,  hyperthyroid,  and  cold- 
stressed  rats.   In  crude  extracts  of  normal,  hypo-  and  hyperthyroid  rats  the 
immunologic  to  biologic  ratio  of  TRH  was  greater  than  5  while  in  cold-stressed 
rats  the  ratio  was  2.   In  hypothalamic  TRH  purified  by  Sephadex  G-10  there  was 
a  constant  immunologic  to  biologic  ratio  of  1. 

These  data  suggest  that  the  hypothalamic  content  of  TRH  is  constant  under 
physiologic  conditions  where  TSH  response  varies  greatly.   Since  the  immuno- 
logic to  biologic  ratio  in  crude  hypothalami  is  high  and  is  reduced  in  cold- 
stressed  rats,  the  TSH  response  may  be  primarily  regulated  by  inhibitory 
factors  such  as  somatostatin. 
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SUMMARY  OF  VORK  (200  «ords  or  less  -  underline  <eywords) 

Thyrotropin  binding  sites  on  purified  human  and  bovine  thyroid  membranes 
as  well  as  on  intact  thyroid  cells  and  lymphocytes  have  been  characterized. 
These  TSH-binding  sites  have  been  used  to  identify  human  anti-thyroid 
immunoglobulins  that  may  specifically  stimulate  the  TSH  receptor. 


900 


PHS-6040 
(Rev.  10-76) 


f" 


Project  No.  ZOl  AM  45023-0_2 

Project  Description: 

125 
We  have  characterized  the  binding  of    I-labeled  bovine  TSH  to  bovine 

and  human  thyroid  membranes  and  cells  as  well  as  r.o  permanent  lines  of  lympho- 
cytes.  Under  conditions  of  low  ionic  strength,  pH,  and  temperature,  the  TSH   ^- 
binding  is  of  relatively  low  affinity  and  can  be  displaced  by  a  variety  of     r 
other  glycoproteins  including  hCG,  normal  IgG,  thyroglobulin,  and  bovine 
mucin.   However,  under  more  physiologic  conditions  (resulting  in  much  less 
total  binding)  the  bTSH  binding  is  of  higher  affinity  and  virtually  totally 
specific.  Many  previously  published  studies  that  had  been  performed  with 
the  unphysiologic  conditions  must  be  re-evaluated  in  order  to  determine  which 
substances  truly  bind  to  the  "TSH  receptor,"  rather  than  to  less  specific 
glycoprotein  binding  sites. 

Under  these  optimized  conditions,  various  sera  were  examined  for  anti- 
bodies that  interact  with  the  TSH  receptor.   Such  antibodies  were  found 
exclusively  in  patients  with  Graves'  disease  (ca.  1/3  of  all  patients)  and 
the  highest  levels  in  2  patients  with  pretibial  myxedema.   One  of  these 
patients  is  being  investigated  during  a  trial  of  prednisone  therapy  for 
progressive  eye  disease. 

We  have  recently  developed  methods  to  concentrate  and  purify  TSH  by 
affinity  chromatography  with  columns  of  Sepharose-coupled  anti-a  and  anti-TSH. 
The  TSH  eluted  from  such  columns  by  1-3  M  guanidine-HCl  is  fully  immuno- 
reactive  and  biologically  active  in  an  adenylate  cyclase  assay  performed  by    m 
Dr.  Jan  Wolff.   These  concentrations  and  purification  techniques  will  permit, 
study  of  the  recpetor-binding ,  biological,  and  immunologic  characteristics 
of  various  glycosylated  and  enzymatically  deglycosylated  forms  of  TSH,  free 
from  interfering  substances. 
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SUMMARY  OF  WORK  (200  ^ords  or  less  -  underline  keywords) 

The  metabolism  of  the  thyroid  hormones  by  monolayer  cultures  of  monkey 
hepatocarcinoma  cells  was  studied  further.  Uptake  of  the  hormones  was  shown 
to  be  by  passive  transport,  but  varied  with  the  iodine  content  of  the  molecule. 
Propylthiouracil  inhibited  phenolic  ring  deiodination  but  not  nonphenolic  ring 
deiodination,  thus  accounting  for  increased  accumulation  of  reverse  13- 
Investigation  of  cell  homogenates  showed  that  the  two  deiodinases  had  different 
pH  optima,  but  were  both  stimulated  by  sulfhydryl  compounds,  and  were  present 
in  the  particulate  fraction.   This  cell  culture  is  a  useful  model  system  in 
which  to  study  thyroid  hormone  metabolism. 
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The  study  of  thyroid  hormone  metabolism  In  cultured  monkey  hepatocarcinoma 
cells  has  continued.   This  system  is  of  particular  interest  because  the  inac-  / 
tivation  pathway  for  thyroxine  (T4)  -  i.e.,  nonphenolic  ring  monodeiodination 
with  formation  of  3, 3' ,5 '-triiodothyronine  (rT3)  -  is  very  active  compared  to 
normal  liver. 

The  uptake  of  T^,  and  3, 5, 3 '-triiodothyronine  (T3)  and  related  compounds 
was  investigated,  and  compared  with  normal  rat  hepatocytes  and  human  fibro- 
blasts and  lymphocytes.   In  each  case,  T3  accumulation  was  the  highest  of  all 
compounds  tested.   Intermediate  uptake  was  found  with  compounds  other  than  T3 
having  at  least  one  iodine  isotope  in  each  ring,  and  lowest  with  those  iodin- 
ated  in  only  one  ring.   The  phenolic  sulfates  of  the  iodothyronines  and  iodo- 
tyrosines  were  not  accumulated.   Cyanide  and  dinitrophenol  did  not  inhibit 
uptake,  indicating  that  active  transport  was  not  involved.   Both  of  these 
drugs,  however,  inhibited  sulfation  of  the  hormone  metabolites,  and  cyanide 
partially  inhibited  delodination  of  both  rings. 

Propylthiouracil  (PTU)  is  a  drug  which  is  known  to  decrease  the  trans- 
formation of  T4  to  T3  in  vivo,  and  also  causes  an  increase  in  the  serum  rT, 
level.   In  the  hepatocarcinoma  cells  PTU  inhibited  phenolic  ring  delodination 
of  rT3,  but  did  not  affect  the  nonphenolic  ring  delodination  of  T4.   This      ^ 
can  explain  the  effect  of  PTU  in  vivo  on  serum  T3  and  rT3  levels,  but  differs 
from  the  previous  finding  that  the  elevated  rT3  in  starved  cells  was  caused 
by  an  increase  in  nonphenolic  ring  delodination  of  T4  without  affecting  phenolic 
ring  delodination. 

In  order  to  investigate  the  minor  metabolites  of  thyroid  hormone  degrada- 
tion, the  cells  were  incubated  with  3',5'-T2  and  3,5-T2.   In  both  instances, 
monodeiodination  as  well  as  sulfoconjugation  took  place.   Studies  of  the 
metabolism  of  nonphenolic  ring-labeled  T4  gave  no  evidence  for  ether-bridge 
cleavage. 

Studies  with  cell  homogenates  showed  that  the  monodeiodinases  in  the 
carcinoma  cells  were  similar  in  many  respects  to  those  in  normal  liver.   They 
were  both  present  in  the  cell  particulate  fraction,  were  stimulated  by 
sulfhydryl  compounds,  responded  similarly  to  drugs  such  as  PTU,  and  had 
similar  pH  optima  (pH  6.3  for  phenol  ring  delodination,  pH  7,9  for  the  non- 
phenolic ring).   The  phenolic  ring  deiodinase  was  strongly  inhibited  by  rT3. 

In  the  course  of  the  studies,  improved  chromatographic  methods  for       ^ 
separating  iodothyronines  were  developed.  \W 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  photochemical  behavior  of  two  nitro  analogs  of  thyroxine  was  investigated 
in  the  absence  and  presence  of  a  host  molecule  ( 6-cyclodextr ine) .   Both  com- 
pounds exhibit  photochromism.   They  are  converted  to  colored  species  by 
visible  light  and  reconverted  to  the  starting  material  in  the  dark. 
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Although  the  thyroxine  (T^)  analog  3 , 5-dinitro-3 ' ,5 '-diiodothyropropionic 
acid  (1)  has  an  unusually  high  affinity  for  human  serum  prealbumin  (PA)  (K]_  '^ 
5  X  IQ-'-'^  M~  ;  K2  '^  2  X  10"  'M~^   according  to  fluorescence  titration  with  ANS 
bound  to  PA) ,  its  usefulness  as  a  photoaf f inity  label  for  the  investigation 
of  the  T^  binding  site  on  PA  is  doubtful  since  irradiation  with  visible  light 
leads  to  extensive  deiodination,  suggesting  that  excitation  of  the  nitro 
groups  causes  a  loosening  of  the  C-I  bond  which  normally  is  resistant  to 
fission  by  visible  light.   3,5-dinitrothyropropionic  acid  (2),  the  desiodo 
analog  of  1,  although  having  only  a  very  low  affinity  for  PA,  permits  a  study 
of  the  photochemical  behavior  of  the  nitro  groups  in  nitro  analogs  of  T^ 
without  interference  by  iodine.   Such  a  study  was  initiated  by  synthesizing 
2  as  well  as  3-(3 ,5-dinitro-4-phenotyphenyl)propionic  acid  (3)  which  lacks  the 
phenolic  group  of  2,  and  irradiating  them  with  filtered  visible  light  in  the 
absence  and  in  the  presence  of  6-cyclodextrine.   The  latter  is  an  inclusion 
compound  into  which  the  dinitrophenyl  moiety  of  2  and  3  fits  tightly  and, 
therefore,  may  be  considered  a  model  for  the  binding  site  on  a  protein.   Both 
2  and  3  show  photochromic  behavior  since  they  are  converted  by  visible  light 
to  an  excited  colored  species  (^jq^x  "^   ^*^^  ^^^^    which,  in  the  dark,  is  recon- 
verted to  the  starting  material  in  a  temperature-dependent  fashion.   Forma- 
tion of  the  colored  species  is  enhanced  and  its  decay  retarded  by  3-cyclo- 
dextrine.   The  presence  of  a  phenolic  group  in  the  molecule  considerably 
enhances  the  excitability  of  the  nitro  groups. 
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INSULIN  AND  INSULIN  RECEPTORS 

Receptors  and  Insulin  in  the  Central  Nervous  System:  (Havrankova, 
Brownstein,  and  Roth)   It  has  been  generally  held  that  the  central  nervous 
system  is  not  sensitive  to  insulin.   We  found  that  insulin  receptors  are 
widely  but  unevenly  distributed  throughout  the  central  nervous  system.   Every 
area  tested  had  insulin  receptors,  but  areas  that  were  rich  in  receptors  had 
10-fold  more  receptors  than  other  areas.   These  insulin  receptors  were  indis- 
tinguishable from  insulin  receptors  on  characteristic  target  cells  such  as 
liver  and  fat. 

With  the  finding  that  insulin  receptors  were  ubiquitous  throughout  the 
central  nervous  system,  we  examined  the  central  nervous  system  for  insulin. 
Insulin  concentrations  were  on  the  average  25  times  higher  than  plasma  con- 
centrations of  the  hormone  with  hypothalamus  having  concentrations  up  to  100 
times  plasma  levels.   The  brain  insulin  was  identified  as  genuine  insulin  or 
as  an  extremely  similar  peptide  on  the  basis  of  its  activity  in  the  radio- 
immunoassay, bioassay,  radioreceptor  assay,  and  its  position  on  gel  filtration. 
Preliminary  experiments  with  immunochemical  localization  suggested  that  the 
insulin  is  especially  rich  in  nerve  cell  bodies.   Further  preliminary  studies 
in  genetically  obese  mice  and  in  streptozotocin-treated  rats  suggest  that 
insulin  and  insulin  receptors  in  the  central  nervous  system  are  regulated 
independently  of  their  counterparts  outside  of  the  nervous  system.   While  the  ^ 
precise  role  of  insulin  and  of  insulin  receptors  in  the  central  nervous  system  r 
is  unknown,  the  finding  of  the  hormone  and  its  receptors  so  widely  and  so 
unevenly  throughout  the  central  nervous  system,  suggests  an  important  role 
for  the  insulin  system. 

Insulin  Receptors  in  Humans :   (Muggeo,  Wachslicht)   Using  circulating 
monocytes,  we  studied  insulin  receptors  in  people  with  a  wide  range  of  disorders 
of  glucose  metabolism,  including  those  with  acromegaly,  ataxia  relangiectasia, 
glucocorticoid  excess,  lipoatrophic  diabetes,  and  anorexia  nervosa.   In  all  of 
these  conditions,  the  abnormalities  of  insulin  binding  to  its  receptors  were 
related  to  the  clinical  disorder  of  glucose  metabolism.   More  recently,  we 
have  studied  insulin  binding  to  its  receptors  on  circulating  red  cells  in 
addition  to  those  on  the  circulating  monocytes. 

We  had  recently  devised  a  technique  to  measure  insulin  binding  to  its 
receptors  in  a  quantitative  fashion  in  the  whole  animal  in  vivo.   This 
approach  is  now  being  modeled  extensively  by  computer  programs  in  collaboration 
with  scientists  at  NCI  (Berman  and  McGuire) .   In  addition,  the  first  experi- 
ments have  been  performed  to  apply  this  technique  to  the  study  of  insulin 
receptors  in  people   (Wachslicht).  a 

Syndromes  of  extreme  insulin  resistance:   (Kahn,  Flier,  Muggeo,  et  al.) 
Patients  with  extreme  insulin  resistance  associated  with  anti-receptor  anti- 
bodies have  been  studied  further  in  detail.   Important  findings  include  the 
observation  that  when  circulating  monocytes  from  these  patients  (which 
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have  markedly  reduced  insulin  binding)  are  stripped  of  their  antibodies, 
a  normal  complement  of  normal  receptors  can  be  uncovered.   Thus,  the 
defects  of  insulin  binding  to  these  receptors  appeared  to  be  accounted 
for  entirely  by  the  presence  of  antibodies  bound  to  the  cell  surface 
receptors.   Because  these  patients  can  undergo  a  severe  crisis  associated 
with  changes  in  their  immunological  status,  attempts  have  been  made  to 
treat  the  patients  by  exchange  transfusions  to  remove  the  circulating 
antibody.   Exchange  transfusions  resulted  in  a  marked  improvement  in  the 
titer  of  antibodies  and  appear  to  have  potential  for  treatment  of  these 
patients. 

New  Methods  for  Detection  of  Anti-Receptor  Antibodies:   (Harrison) 
Previous  methods  for  the  detection  of  anti-receptor  antibodies  depended 
on  the  ability  of  the  antibody,  following  exposure  to  receptors,  to  inhibit 
the  binding  of  125i_insulin  to  the  receptor.   In  recent  studies,  ■'-^^I- 
insulin  was  used  to  label  the  receptor.   Solubilized  receptor,  prelabeled 
with    I-insulin,  was  mixed  with  the  serum  to  be  tested,  and  a  second 
antibody  was  added  to  precipitate  the  complex  of  anti-receptor  antibody 
with  receptor  which  was  linked  to  -^^Sx-insulin.   This  method  detects  any 
antibody  that  binds  to  any  region  of  the  receptor  molecule,  especially  if 
that  antibody  does  not  alter  insulin  binding.   Broad  application  of  this 
approach  should  provide  us  with  a  much  more  sensitive  and  powerful  tool 
for  the  detection  of  anti-receptor  antibodies.   Even  those  antibodies 
which  are  capable  of  interferring  with  insulin  binding  are  much  more 
readily  detected  at  much  higher  dilution  with  this  new  assay. 

New  Methods  for  Detection,  Isolation  and  Purification  of  the  Insulin 
Receptor :   (Harrison  and  Flier)   Extensive  progress  has  been  made  towards 
the  isolation  and  purification  of  the  insulin  receptor.   It  has  been 
shown  that  following  solubilization  of  the  insulin  receptor  from  the  cell 
membrane,  the  properties  of  the  receptor  are  largely  maintained.   Specific 
antibodies  directed  against  the  insulin  receptor  have  been  used  to  purify 
the  receptor  which  had  been  solubilized  from  the  plasma  membrane  of  the 
human  placenta.   Further,  the  antibodies  have  been  used  to  create  an  immunoassay 
for  the  insulin  receptor.   This  provides  a  valuable  new  way  to  measure 
insulin  receptors  in  addition  to  the  classical  method  which  measures  insulin 
binding  to  its  receptor. 

Insulin-Like  Properties  of  the  Antibodies  to  the  Receptor:   (Kahn) 
Further  studies  have  been  performed  to  characterize  the  insulinomimetic 
properties  of  the  anti-receptor  antibodies.   In  addition  to  its  effects 
on  cell  surface  functions,  such  as  amino  acid  transport  and  glucose  transport, 
the  anti-receptor  antibodies  activate  glycogen  synthase  and  inactivate 
phosphorylase,  two  intracellular  enzymes.   In  addition,  these  antibodies 
markedly  increase  the  synthesis  of  lipoprotein  lipase,  an  insulin-dependent 
enzyme  characteristic  of  fat  cells  (Grunfeld,  Karlsson,  Spooner) .   By  the 
use  of  both  unlabeled  and  labeled  antibodies,  the  interaction  of  antibody 
with  receptor  has  been  compared  to  the  effects  of  insulin,  especially  those 
affecting  the  cooperativity  and  kinetics  of  dissociation.   These  studies 
show  that  the  antibodies  to  the  receptor  are  quite  similar  in  their  effects, 
though  not  identical  to  those  of  insulin  (Jarrett). 


908 


f 


Further  studies  have  shown  that  while  the  normal  divalent  antibody 
is  both  insulin  blbcking  and  insulinomimetic,  the  monovalent  antibody, 
prepared  by  treatment  of  the  antibody  with  pepsin  and  a  reducing  agent, 
retains  full  blocking  activity  with  nearly  complete  loss  of  insulinomimetic 
properties.   The  monovalent  antibody  is  the  first  specific  inhibitor  of 
insulin  that  has  yet  been  described.   When  the  monovalent  antibodies  were      y*- 
exposed  to  receptor,  and  then  antibodies  to  the  F(,  region  of  the  antibody      r 
were  added,  the  insulinomimetic  properties  of  the  monovalent  antibody  were 
restored,  presumably  due  to  cross-linking  of  the  monovalent  antibodies. 
The  effect  of  the  second  antibody  to  restore  insulinomimetic  properties 
to  the  monovalent  antibody  suggests  an  important  role  of  cross-linking 
of  the  receptor  in  hormone  action.   Further  studies  indicated  that 
minute  concentrations  of  anti-insulin  antibody  could  enhance  the  bioactivity 
of  insulin  (in  contrast  to  the  well  known  effect  of  higher  concentrations 
of  antibody  which  block  the  biological  effect  of  insulin) .   Thus  cross-linking 
of  receptor-hormone  complexes  on  the  cell  surface  may  be  an  important 
early  event  in  hormone  action  (Kahn) . 

Morphological  Correlates  of  Insulin  Binding  to  its  Receptor:   (Gorden) 
While  insulin  binding  to  its  receptor  has  been  studied  extensively  in  a 
wide  variety  of  systems,  the  morphological  events  associated  with  insulin 
binding  have  hardly  been  studied.   In  collaboration  with  scientists  at  the 
University  of  Geneva  in  Switzerland,  Dr.  Phillip  Gorden  of  the  Diabetes 
Branch  developed  a  new  approach  by  which  l-^I-insulin  has  been  used  to 
localize  the  binding  of  insulin  to  its  receptors  on  a  wide  range  of  cell 
types  and  to  correlate  the  morphological  events  with  other  aspects  of  ^ 

receptor  function  and  the  biological  activity  of  insulin.   Among  the  ^ 

most  important  findings  have  been  the  observation  that  insulin,  while 
initially  localized  only  to  the  outer  cell  membrane,  can  with  time,  penetrate, 
up  to  10-15%  of  the  diameter  of  the  cell  and  reach  a  new  steady-state  of 
binding  between  hormone  in  the  medium,  hormone  on  the  cell  surface,  and 
hormone  in  the  submembranous  region  of  the  cell.   Hormone  becomes  associated 
with  vacuolar  structures,  thought  to  be  lysosomes.   Much  of  the  insulin 
on  the  cell  is  still  intact  hormone,  though  degradation  products  do  appear 
with  time. 

Early  previous  studies  had  indicated  that  insulin  bound  to  adipocytes 
to  37°  rapidly  becomes  compartmentalized,  i.e.,  less  accessible  to  dissociating 
agents  and  "processed"  to  both  higher  and  lower  molecular  weight  components. 
Preliminary  studies  suggest  that  chloroquine  partially  blocked  this  process 
but  had  no  effect  on  the  biological  activity  of  insulin.   This  suggests 
that  lysosomes  may  be  important  in  the  processing  and  degradation  of 
insulin  but  not  in  the  bioactivity  of  the  hormone  (Kahn) . 

Studies  with  3T3-L1  Fatty  Fibroblasts:  (Karlsson,  Grunfeld,  Van  Obberghen) 
As  undifferentiated  fibroblasts  grew  from  sparse  to  confluent  and  then         ^ 
converted  into  fatty  fibroblasts,  receptor  number  increased  multifold.         W 
Simultaneously,  stimulation  of  glucose  transport  and  glucose  oxidation 
by  insulin  increased  multifold.   The  change  from  sparse  to  confluent 
to  fatty  produced  an  increase  in  both  the  absolute  sensitivity  to  insulin 
and  the  efficiency  of  coupling  between  hormone-receptor  complex  and  the 
bioresponse.   The  effects  of  insulin  and  of  antibodies  to  the  receptor  on 
the  biological  responses  as  well  as  on  regulation  of  receptors  and  sensitivity 
to  hormone  have  been  studied.  ^ 
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Evolution:  (Muggeo,  Ginsberg)   To  elucidate  the  interaction  of  insulin 
and  its  receptor,  we  have  studied  in  the  past  insulins  and  receptors  from 
a  wide  range  of  vertebrates.   Recent  studies  have  focused  on  the  Atlantic 
hagfish,  a  cyclostome,  which  is  representative  of  the  most  primitive  of 
vertebrates.   Hagfish  insulin  binds  to  mammalian  receptors  in  direct  proportion 
to  its  biological  activity,  which  is  5-10%  that  of  porcine  insulin.   In 
binding  to  the  receptor,  hagfish  insulin  generates  the  negatively  cooperative 
site-site  interactions  among  the  insulin  receptors,  indicating  that  this 
feature  of  the  insulin  molecule  is  fully  conserved  throughout  evolution. 
In  studying  the  insulin  receptor  of  hagfish,  we  found  that  the  receptor  is 
in  most  ways  indistinguishable  from  insulin  receptors  on  all  other  vertebrates, 
including  the  time  and  temperature  dependence  of  binding,  sharp  pH  dependence, 
and  its  ability  to  undergo  negatively  cooperative  site-site  interactions 
upon  the  binding  of  insulin.   The  only  exceptional  characteristic  of  this 
receptor  is  that  it  binds  hagfish  insulin  with  an  affinity  that  is  25% 
of  that  of  porcine  insulin,  which  is  multifold  higher  than  the  affinity  of 
hagfish  insulin  for  mammalian  receptors.   In  all  other  ways,  the  affinity 
and  the  specificity  of  the  hagfish  is  indistinguishable  from  that  of  mammalian 
receptors.   That  the  negative  cooperativity  and  other  affinity  changes  are 
programmed  into  both  the  hormone  and  the  receptor  so  early  in  evolution  suggest 
that  these  features  are  essential  characteristics  of  the  system. 

Cooperativity:   (De  Meyts,  et  al.)   Twenty-nine  insulin  analogues  that 
vary  widely  in  their  potency  for  the  receptor  and  in  their  biological 
potency  have  been  studied  and  a  discrete,  structurally  invariant  region 
on  the  surface  of  the  insulin  monomer  has  been  localized  as  the  region 
responsible  for  inducing  the  negative  cooperativity. 

Previous  studies  had  shown  a  marked  temperature  dependence  for  the 
binding  of  insulin  to  its  receptor.   Present  studies  have  shown  that  both 
the  high  and  the  low  affinity  states  of  the  receptor  are  markedly  affected 
by  temperature.   Binding  to  both  states  of  the  receptor  is  associated  with 
a  large  heat  capacity  change,  suggestive  of  the  involvement  of  hydrophobic 
forces  in  the  binding  of  insulin  to  its  receptor.   Cooperativity  increases 
with  temperature  associated  with  a  diminution  in  the  threshold  of  occupancy 
(of  receptor  by  hormone)  necessary  to  initiate  a  significant  decrease  in 
average  affinity. 

Insulin  binding  is  sharply  dependent  on  pH  with  an  optimum  between 
7  and  8,  and  a  sharp  fall  off  on  both  sides  of  the  pH  optimum.   The  pH 
dependence  of  binding  has  been  examined  in  great  detail  and  a  model  constructed 
to  account  for  the  sharp  pH  dependence. 

We  had  reported  that  concanavalin  A  stimulates  glucose  oxidation  and 
impairs  negative  cooperativity  of  insulin  receptors.   These  effects  were 
not  blocked  by  agents  that  alter  microtubules  or  microfilaments.   Divalent 
forms  of  convanavalin  A  were  only  10%  as  potent  as  tetravalent  con  A  in 
producing  effects  on  negative  cooperativity  or  glucose  oxidation.   Furthermore, 
while  con  A  at  very  high  concentrations  inhibits  insulin  binding  and  causes 
cell  agglutination,  divanelt  forms  of  con  A  did  not  have  these  effects, 
even  when  the  bivalent  con  A's  had  been  cross-linked  by  the  addition  of 
antibodies  to  con  A.  (Van  Obberghen) 
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Characterization  of  the  Insulin  Receptor:   Cells  treated  with  cross- 
linking  agents  at  very  low  concentrations  showed  an  increase  in  the  basal 
rate  of  glucose  oxidation,  while  insulin  binding  was  unaltered.   At  high 
concentrations,  both  insulin  bioactivity  and  vitamin  K- induced  insulin-like 
effects  were  lost;  specific  insulin  binding  was  lost  in  parallel  or  at 
somewhat  higher  concentrations  of  the  cross-linking  agents  (Goren) . 

In  preliminary  studies,  the  insulin  receptor  has  been  irradiated  to 

inactivate  its  components;  effects  on  insulin  binding  as  well  as  the  insulin 

degrading  and  cooperative  mechanisms  that  are  associated  with  the  insulin 

receptor  in  the  plasma  membrane  are  being  studied  (Harmon) . 

125 
Insulin  receptors  of  IM-9  lymphocytes  were  labeled  with    I  by 

treatment  of  the  cells  with  lactoproxidase  and  with  radioactive  hormone. 

Both  labeled  and  unlabeled  insuin  receptors  were  characterized  in  detail 

by  polyacrylamide  gel  electrophoresis  and  studied  for  their  ability  to 

bind  labeled  insulin   (Lang) . 

Antibodies  to  Insulin:  All  naturally  occurring  insulins  have  an  overall 
structure  that  is  similar  and  have  biological  activities  that  differ  about 
100-fold,  but  all  have  normal  intrinsic  activity,  suggesting  that  there  is  a 
discrete  region  of  the  molecule  that  is  responsible  for  the  biological 
activity  of  the  hormone.   Antibodies  to  insulin  differ  much  more  widely  in 
their  affinity  for  diverse  species  of  insulins,  presumably  because  the 
majority  of  the  antibodies  are  directed  against  regions  of  the  hormone  that 
differ  widely,  i.e.,  are  structually  variable  during  the  course  of  evolution. 
We  hoped  to  detect  subpopulations  of  antibody  which  might  react  equally 
well  with  two  structurally  different  insulins  in  the  hopes  of  detecting 
antibodies  that  were  directed  against  the  biologically  important  regions 
of  the  insulin  molecule.   In  fact,  antibody  populations  were  detected 
that  treated  pork  and  fish  insulin  identically,  or  nearly  identically, 
although  these  two  insulins  differ  quit  widely  in  multiple  regions  of 
the  molecule.   However,  these  antibodies  did  not  react  very  strongly  with 
insulins  of  other  sources,  suggesting  that  while  pork  insulin  and  fish 
insulin  share  certain  determinants,  these  determinants  may  be  absent  from 
other  biologically  active  insulins   (Karlsson  and  Harrison) . 

Insulin-like  Growth  Factors  -  Purification  from  Human  Serum:   Great 
interest  has  been  focused  on  insulin-like  growth  factors  present  in  human 
serum.   However,  the  current  methods  for  their  isolation  and  purification 
generally  have  given  poor  yields  and  only  one  or  two  of  the  peptides 
are  obtained  by  any  given  purification  technique.   We  have  recently  developed 
a  rapid  high  yield  purification  technique  that  is  applicable  to  large 
volumes  of  human  plasma.   The  method  is  based  on  the  ability  of  the  insulin- 
-like  growth  factors,  but  not  of  insulin  and  proinsulin,  to  bind  to  proteins 
of  high  molecular  weight  in  serum.   At  neutral  pH,  the  serum  is  freed  of 
low  molecualr  weight  proteins,  including  insulin  and  proinsulin-like 
components.   The  insulin-like  growth  factors  remain  with  the  high  molecular 
weight  components  at  this  pH.   Following  acidification  of  the  plasma, 
the  insulin-like  growth  factors  were  dissociated  from  the  carrier  proteins 
and  collected.   Further  purification  has  led  to  the  characterization  of 
three  or  more  insulin-like  growth  factors  with  purifications  that  are 
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20,000-fold  over  plasma  in  high  yield.   While  these  preparations  were 
not  entirely  pure,  they  were  of  very  high  specific  biological  activity. 
(Ginsberg,  Kahn,  Roth). 

Multiplication  Stimulating  Activity:  One  of  the  well  characterized 
insulin-like  growth  factors  is  multiplication  stimulating  activity  (MSA) 
produced  by  buffalo  rat  liver  cells  in  culture.  Recent  studies,  which 
had  focused  on  isolation  and  purification  of  the  material,  have  led  to 
antibody  production  and  development  of  a  specific  radioimmunoassay  for 
rat  MSA.  By  the  use  of  radioactive  amino  acids  with  fetal  rat  livers, 
the  biosynthesis  of  MSA  or  a  peptide  extremely  similar  to  MSA  has  been 
achieved  (Rechler) . 

Ouabain-Like  Properties  of  the  Toad  Skin  Extract:   Although  ouabain-like 
molecules  are  widely  distributed  in  the  plant  kingdom,  their  distribution  in 
in  the  animal  kingdom  was  thought  to  be  limited  to  the  poison  glands  of 
certain  toads.   We  have  found  that  the  skin  of  a  variety  of  amphibians 
contain  endogenous  ouabain  activity  as  measured  by  a  specific  ouabain  binding 
competition  assay.   The  activity  was  confirmed  by  measurement  of  ATPase 
activity  and  inhibition  of  potassium  flux.   The  activity  is  a  small  molecule 
which  is  resistant  to  both  boiling  and  to  trypsin.   The  possible  role  of 
this  material  in  the  physiological  regulation  of  ion  transport  in  amphibian 
skin  is  suggested   (Flier) . 
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SUMMARY  OF  WORK  (200  ^ords  or  less  -  underline  keywords) 

Studies  with  insulin  analogues  which  vary  1000-fold  in  affinity  for 
insulin  receptor  and  biopotency  suggest  that  a  discrete  invariable  region 
on  the  surface  of  the  insulin  monomer  is  responsible  for  inducing  negative 
cooperativity. 

The  reaction  of  insulin  with  its  receptor  is  affected  by  changes  in 
temperature  and  pH  of  media.   The  plant  lectin  concanavalin  A  binds  to  cell 
membrane  and  produced  an  insulin-like  effect,  however,  it  inhibits  negative 
cooperativity. 
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Project  Description: 

The  negatively  cooperative  property  of  the  insulin  receptor  is  under 
continuous  study.   We  have  focused  on  3  problems:   (1)  mapping  of  the 
residues  responsible  for  the  negative  cooperativity  of  the  receptor-binding 
region  of  insulin. 

Studies  with  29  insulin  analogues  (animal  insulins  and  proinsulin, 
insulin-like  growth  factor  and  chemically  modified  insulins)  which  vary 
1,000-fold  in  their  affinity  for  the  receptor  and  in  their  biological  potency, 
suggest  that  a  discrete  invariable  region  on  the  surface  of  the  insulin 
monomer  is  responsible  for  inducing  the  negative  cooperativity.   This  domain 
comprises  some  of  the  eight  carboxy-terminal  residues  of  the  B-chain  and  the 
A21  asparagine.   Burying  of  this  "cooperative  site"  in  the  dimerization  of 
insulin  leads  to  a  loss  of  negative  cooperativity. 

Negative  cooperativity  is  the  only  property  of  insulin  that  has  been 
as  tightly  conserved  through  evolution  as  the  intrinsic  biological  activity 
of  insulin  itself,  and  is  apparently  invariable  throughout  the  entire  history 
of  vertebrate  evolution,  extending  nearly  a  half  billion  years.   Negative 
cooperativity  is  present  in  both  the  insulin  molecule  and  the  receptor  even  in 
species  where  other  properties  are  altered,  such  as  affinity  for  binding  (non- 
mammalian  and  histicomorph  insulins)  ,  the  ability  to  dimerii;e  (guinea  pig  insulin) 
to  bind  zinc  (guinea  pig  and  hagf ish  insulins) ,  and  possibly  even  the  intrinsic 
activity  (hagf ish  insulin).   Even  non-suppressible  insulin-like  activity  (NSILA-s), 
a  mixture  of  at  least  two  insulin-like  growth-promoting  peptides  with  a  weak 
affinity  (1/300  porcine  insulin)  for  the  insulin  receptor,  has  full  ability 
to  induce  negative  cooperativity.   Interestingly,  the  recently  disclosed 
partial  sequence  of  IGF-I  includes  the  "cooperative"  B-chain  residues, 
B23,  Gly,  B21+,  Phe,  B23,  Phe  and  B26>  Tyr ,  which  are  nearly  identical  to  insulin 
except  for  the  B25-B26/Phe-Tyr  inversion. 

It  should  be  emphasized  that  the  cooperative  site  outlined  above 
probably  contributes  substantially  to  the  free  energy  of  binding  insulin 
to  the  receptor.   Indeed,  it  comprises  most  of  the  non-polar  invariable 
residues  of  the  putative  insulin  binding  surface,  and  recent  thermodynamic 
studies  support  the  hypothesis  of  Blundell,  et  al. ,  that  burying  these  non- 
polar  residues  in  the  hormone-receptor  complex  (hydrophobic  effect)  is  a 
major  driving  force  in  the  reaction  of  insulin  with  the  receptor. 

The  phenomenon  of  accelerated  dissociation  has  added  a  further  dimension 
to  the  studies  of  the  structure-activity  relationship  of  insulin.   This  also 
has  potential  implications  in  drug  design,  making  theoretically  possible 
the  synthesis  of  an  insulin  with  intact  affinity  that  may  stay  longer  on  its 
receptor. 

(2)   Quantitative  analysis  of  temperature  and  pH  effects  on  the  inter- 
action of  insulin  with  its  cell  surface  receptors. 

The  reaction  of  insulin  with  its  receptor  is  markedly  affected  by  tem- 
perature changes  and  by  the  pH  of  the  medium: 
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Project  Description  Continued: 

In  these  studies  we  compare  the  effects  of  tetravalent  Con  A  and  its 
divalent  derivatives  (acetyl-  and  succinyl-  Con  A)  on  glucose  oxidation 
by  adipocytes  and  insulin  binding  to  lymphocytes.   Con  A  (0-10  yg/ml)  provokes 
a  dose-related  stimulation  of  glucose  oxidation  and  a  reduction  in  the 
negative  cooperativity  of  the  insulin  receptor,  (i.e.,  reduced  dissociation 
of  ^^^I-insulin  in  the  presence  of  unlabeled  insulin  and  reduced  curvilinearity 
of  the  Scatchard  plot).   These  effects  are  not  blocked  by  colchicine,  vin- 
cristine, vinblastine,  cytochalasin  D  or  B.   Only  at  concentrations  of  Con  A, 
which  agglutinates  cells,  is  insulin  binding  decreased.   Acetyl-  and  succinyl- 
Con  A  inhibit  negative  cooperativity  and  stimulate  glucose  oxidation,  but  are 
only  10%  as  potent  as  Con  A,   In  contrast  to  Con  A,  the  bivalent  derivatives 
do  not  inhibit  insulin  binding  or  cause  cell  agglutination.   The  difference 
in  potency  of  succinyl-Con  A  and  Con  A  appears  to  be  due  to  chemical  modifi- 
cation rather  than  valency  since  cross-linking  succinyl-Con  A  with  anti-Con  A 
antibodies  does  not  increase  its  insulin-like  effect  or  effect  on  coopera- 
tivity.  The  addition  of  these  antibodies,  however,  causes  cell  agglutination 
and  a  decrease  in  insulin  binding.   In  summary,  these  data  suggest  that  the  . 
insulin-like  effect  of  Con  A  and  the  inhibitory  effect  of  Con  A  on  the 
negative  cooperativity  are  independent  of  receptor  cross-linkage,  and  reduced 
mobility  of  the  cell  membrane. 

Publications: 

1.   De  Meyts,  P.,  Van  Obberghen,  E. ,  Roth,  J.,  Wollmer,  A.,  and  Brandenburg, 
_.  D.  :   Mapping  of  the  residues  responsible  for  the  negative  cooperativity  • 
of  the  receptor-binding  region  of  insulin.   Nature  273:  50A-509,  1978. 
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Project  Description  Continued: 

1.  Temperature  Effects 

We  had  previously  analyzed  the  thermodynamics  of  the  high  affinity  state 
of  the  receptor  (K  ) ;  this  study  suggested  that  hydrophobic  forces  are 
determinant  in  driving  the  reaction.   We  have  now  analyzed  the  complete  binding 
£urve  as  a  function  of  temperature  using  a  single  mathematical_  model.   Both 
K   (the  equilibrium  constant  of  the  high  affinity  state)  and  K^  (the  constant 
£1  _the  low  affinity  state)  vary  with  temperature,  as  well  as  a,  the  ratio 
K  /K  that  is  a  measure  of  the  degree  of  negative  cooperativity.   Binding  to 
both  the  high  and  low  affinity  state  is  concomitant  with  a  large  heat  capacity 
change,  suggesting  the  involvement  of  hydrophobic  forces  in  binding  insulin 
to  the  two  states  of  the  receptor.   The  degree  of  negative  cooperativity 
increases  with  temperature,  with  a  lowering  of  the  "threshold"  of  occupancy 
necessary  to  obtain  a  significant  decrease  in  the  average  affinity.   The 
receptor  concentration  is  not  affected  by  temperature.   However,  this  inter- 
pretation of  the  temperature  effect  is,  as  is  usually,  based  on  the  assumption 
that  no  concomitant  temperature-dependent  change  occurs  in  the  degree  of 
ionization  of  residues  involved  in  hydrogen  bonds  at  the  binding  site. 
Preliminary  experiments  suggest  in  fact  that  the  pH  dependency  of  binding 
also  changes  with  temperature. 

B.   pH  Effects 

The  dependence  of  binding  on  pH  follows  a  bell-shaped  curve  with  a 
maximum  between  7.6  and  7.8  at  15 °C  in  the  lymphocyte  receptor.   We  have 
designed  a  theoretical  framework  to  analyze  quantitatively  the  pH  dependency  . 
curves. 

Optimal  binding  will  occur  when  certain  amino  acids  on  the  insulin  side, 
on  one  hand,  and  on  the  receptor  side,  on  the  other  hand,  are  protonated  whereas 
other  amino  acids  must  remain  deprotonated.   The  model  considers  that  both 
partners  in  the  binding  must  be  in  the  correct  state  (protonated  or  deproton- 
ated).  An  equation  is  derived  that  gives  the  affinity  constant  (either  K  , 
the  constant  for  the  high  affinity  state  of  the  receptor  or  K  ,  the  constant 
for  the  low  affinity  state)  as  a  function  of  pH.   The  resulting  curve  is 
indeed  bell-shaped;  the  number  of  amino  acids  which  must  be  protonated  or 
deprotonated  can  be  calculated  from  the  slope  of  the  curve  far  from  the 
maximum;  the  pK.  of  the  groups  involved  can  be  calculated  by  curve  fitting. 
In  the  case  of  the  insulin  receptor,  it  appears  that  in  the  zone  near  neutrality, 
one  amino  acid  in  the  class  of  pK.  between  7  and  7.5  must  be  deprotonated 
whereas  one  amino  acid  in  the  class  of  pK.  between  7  and  8  must  be  protonated 
for  optimal  binding.   The  pH  curve  is  dependent  on  the  temperature;  the  pK.'s 
of  the  two  residues  involved  appear  to  decrease  with  the  temperature  increases. 

(3)   Investigation  of  the  Role  of  Valency  of  Concanavalin  A  in  Its 
Insulin-like  Effects  and  Its  Inhibition  of  Negative  Cooperativity. 

The  plant  lectin  concanavalin  A  (Con  A)  binds  to  membrane  glycoproteins 
and  produces  various  biological  effects,  among  them  insulin-like  effects. 
Previous  studies  have  also  shown  that  Con  A  inhibits  the  negative  cooperativity. 
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The  insulin  receptor  has  been  studied  in  a  variety  of  animal  species 
including  manmals,  birds,  amphibians,  bony  fish  and  cyclostomes.   In  the 
North  Atlantic  hagfish  both  the  insulin  receptor  and  hagfish  insulin  have 
been  studied.   Despite  nearly  a  half  million  years  of  divergent  evolution  , 
the  insulin  receptor  in  this  primitive  vertebrate  maintained  remarkably 
similar  binding  properties,  including  saturability,  reversibility,  specificity, 
temperature  and  pH  dependence,  as  well  as  negative  cooperativity.   Hagfish 
insulin  has  5-10%  bioactivity  and  binding  as  that  of  pork  insulin  on  mammalian 
tissues,  and  can  induce  negative  cooperativity. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Insulin  receptors  and  responsiveness  have  been  studied  in  undifferentiated 
and  fatty  3T3-L1  fibroblasts.   The  number  of  receptors  in  sparse  growing  cells 
is  low  and  increases  3-fold  when  the  cells  become  confluent.   With 
differentiation  to  fatty  phenotypes,  receptor  number  increases  another  3-4 
fold,  without  change  in  affinity. 

Growing  and  confluent  cells  show  a  small  (40%)  stimulation  of  glucose 
transport  and  glucose  oxidation  by  insulin,  while  differentiated  cells  show 
a  3-5  fold  stimulation.   With  differentiation  increased,  sensitivity  to  insulin 
is  also  found.   Differentiated  cells  have  spare  receptors  characteristic  of 
mature  adipocytes. 

Antibody  to  the  insulin  receptor  initially  stimulates  glucose  transport 
and  oxidation  in  fatty  fibroblasts.   This  effect  disappears  after  chronic 
exposure  to  antibody  causing  a  state  of  insulin  resistance. 
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3T3-L1  fibroblasts  have  been  selected  for  their  ability  to  develop  a 
fatty  phenotype  under  a  variety  of  stimuli.   They  also  have  been  shown  to 
develop  insulin  sensitive  glucose  transport,  glucose  oxidation,   lipoprotein    ^ 
lipase  and  fatty  acid  synthesis  as  well  as  insulin  inhibition  of  lipolysis.     t 
These  properties  allow  the  study  of  the  regulation  of  both  receptor  content  and 
insulin    responsiveness  in  cultured  cells. 

The  insulin  receptor  of  3T3-L1  cells  resemble  other  characterized  insulin 
receptors  with  respect  to  affinities,  negative  cooperativity ,  pH  dependencies 
and  specificity  of  insulin  analogues.   Like  previously  studied  fibroblasts, 
insulin  binding  increases  when  growing  3T3-L1  cells  become  confluent  (4X); 
with  differentiation  into  fatty  cells  (treated  with  methyl  isobutyl  xanthine 
and  insulin),  binding  increase  3-4  fold  further.   As  with  other  fibroblasts, 
this  is  due  to  an  increase  in  receptor  number  with  little  change  in  affinity. 

Concomittant  changes  in  insulin  responsiveness  are  found.   Sparse  and 
confluent  fibroblasts  shew  a  small  stimulation  of  glucose  transport  and 
oxidation  by  insulin  (less  than  40%).   Fatty  fibroblasts  show  a  3-5  fold 
stimulation  of  glucose  transport  and  oxidation  above  basal.   Insulin  sensi- 
tivity as  determined  by  the  concentrations  for  half-maximal  activation, 
increases  10-fold  with  confluence  and  six-fold  further  with  differentiation. 
The  net  result  is  an  increase  in  coupling  efficiency  with  fatty  cells  re- 
quiring one  tenth  the  number  of  hormone  receptor  complexes  to  give  the  same     |l 
response  as  confluent  fibroblasts.   There  is  a  linear  relationship  between      ■ 
occupancy  and  bio  response  in  sparse  cells.   This  becomes  nonlinear  in 
confluent    cells.   Spare  receptors  characteristic  of  mature  adipocytes  are 
seen  in  the  fatty  fibroblasts.   All  three  stages  of  these  cells  are  equally 
responsive  to  vitamin  Kc  stimulation  of  glucose  oxidation. 

Increase  in  the  concentration  of  insulin  in  the  media  of  a  line  of  human 
lymphocytes  has  been  shown  to  "down  regulate"  the  concentration  of  insulin 
receptors  on  those  cells.   3T3-L1  cells  show  no  down  regulation  when  grown 
in  the  presence  of  insulin.   There  is  a  slight  tendency  towards  an  increase 
in  the  basal  rates  of  glucose  transport  and  oxidation  when  cells  are  grown 
under  these  conditions.   The  insulin  receptor  of  the  fatty  fibroblasts  has 
a  normal  turnover  in  the  presence  of  protein  synthesis  inhibitors;  ^\j2  ~ 
24  hours.   Both  basal  and  insulin  stimulated  glucose  oxidation  decay  much 
faster  (t]_/2  =  4.5  hours). 

Antibody  to  the  insulin  receptor  has  been  previously  shown  to  have  insu- 
lin-like activity  when  acutely  added  to  many  types  of  cells,  stimulating 
glucose  transport,  glucose  oxidation  and  glycogen  synthetase.   3T3-L1  cells     ^ 
also  demonstrate  acute  insulin-like  stimulation  of  glucose  metabolism.  W 

However,  when  the  cultured  cells  are  exposed  for  longer  periods  (3-6  hours) 
the  agonist  activity  decays  leaving  the  cells  no  longer  responsive  to  insulin. 
This  state  of  insulin  resistance  represents  the  first  in  vitro  system  which 
mimicks  the  natural  disease  state. 
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Insulin  binding  to  circulating  monocytes  has  been  evaluated  in  different 
conditions  of  insulin  resistance  (acromegaly,  ataxia  telangiectasia,  hyper- 
cortisolism,  lipoatrophic  diabetes)  as  well  as  in  patients  with  insulinoma  and 
even  in  normal  subjects.   The  insulin  receptor  has  been  characterized  also  in 
circulating  erythrocytes  from  normals  and  from  patients  with  anorexia  nervosa, 
ataxia  telangiectasia,  hypercorticolism,  and  lipoatrophic  diabetes.   Insulin 
receptor  concentration  is  inversely  correlated  with  the  concentration  of  plasma 
insulin.   The  affinity  of  receptor  can  be  reduced  by  the  presence  of  anti- 
receptor  antibodies,  or  can  be  increased  in  acromegaly  or  changed  by  ingestion 
of  glucose  in  normal  subjects.   The  binding  defect  observed  in  patients  with 
anti-receptor  antibodies  can  be  reversed  both  in  vivo  and  in  vitro  by  removing 
the  antibodies. 
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Characterization  of  the  insulin  receptor  on  circulating  monocytes  from 
normal  subjects  as  well  as  in  patients  in  different  disease  states  (acromegaly, 
ataxia  telangiectasia,  hypercortisolism,  lipoatrophic  diabetes,  anorexia 
nervosa)  is  under  continued  investigation. 

Those  patients  who  have  antibodies  to  the  insulin  receptor  are  being 
studied  in  detail.   It  can  be  shown  that  whole  plasma  from  the  patients  and 
inmiunoglobulin-enriched  fractions  of  plasma  inhibited  the  binding  of  insulin 
to  receptors  on  lymphocytes  and  human  placental  membranes.   Specific  immuno- 
precipitation  indicated  that  the  plasma  inhibitor  of  insulin  binding  was 
predominantly  IgG  in  nature.   By  acid  wash  of  the  monocytes  from  these 
patients,  it  is  possible  to  show  that  the  binding  defect  is  reversible  in 
vitro.   We  have  also  studied  new  patients  with  insulin  resistance  and 
acanthosis  nigricans.   We  observed  in  one  young  female  patient  that  the 
circulating  insulin  and  the  insulin  receptor  on  cells  from  this  patient  were 
entirely  normal,  suggesting  the  presence  of  an  intracellular  defect  as  a 
cause  of  the  observed  insulin  resistance. 

The  follow-up  of  the  patients  with  insulin  resistance  and  acanthosis 
nigricans.  Type  B  (with  anti-receptor  antibodies)  demonstrated  that  in  these 
patients  with  clinical  phase  of  severe  insulin  resistance  and  hyperglycemia 
can  spontaneously  shift  to  a  new  phase  characterized  by  eu-or-hypoglycemia 
and  by  abnormal  increase  of  the  insulin  receptors  number  (proliferative 
phase).   In  one  patient,  steroid  treatment  was  undertaken  because  of  a 
severe  nephrotic  syndrome.   After  a  few  weeks,  a  reduction  of  the  circulating 
antibody  titer  and   a  complete  normalization  of  the  binding  defect  were 
observed,  further  confirming  that  the  binding  defect  in  these  patients  is 
reversible  and  is  correlated  to  the  presence  of  the  anti-receptor  antibodies. 
Another  Type  B  patient  underwent  a  serial  total  plasma  exchange  program 
(with  10  exchanges  over  a  period  of  3  weeks).   At  the  end  of  this  treatment, 
a  marked  decrease  of  the  circulating  antibody  titer  and  a  partial  normal- 
ization of  the  binding  defect  was  observed.   The  alteration  of  the  insulin 
receptor  affinity  (which  is  the  mechanism  responsible  for  the  binding  defect) 
can  be  reversed  also  in  vitro  by  exposure  of  the  monocytes  of  these  Type  B 
patients  to  glycine-HCl  buffer,  pH  3.5,  which  seems  to  remove  the  antibodies 
from  the  insulin  receptors. 

125 
We  have  also  studied    I-insulin  binding  to  insulin  receptors  on 

circulating  monocytes  in  (11)  patients  with  acromegaly  (hGH  =  7  to  240 
ng/ml)  with  normal  or  nearly  normal  glucose  tolerance  and  different  degrees 
of  insulin  resistance.   Insulin  binding  to  its  recetors  showed  two  character- 
istic abnormalities.   Total  receptor  concentration  per  cell  was  decreased, 
and  the  magnitude  of  decrease  was  proportional  to  the  increase  in  the  basal 
level  of  the  plasma  insulin,  similar  to  our  findings  in  patients  with  obesity, 
diabetes  and  insulin^secreting  tumors.   On  the  other  hand,  the  affinity  of 
th_e  empty  receptor  (K  )  was  increased.  _The^  affinity  of  the  filled  receptor 
(K^)  was  unaltered;  tius ,  the  ratio  of  K  /K  ,  which  is  a  measure  of  negative 
cooperativity,  was  increased.   In  most  cases,  the  reciprocal  changes  in 
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receptor  concentration  and  K  resulted  in  normal  amounts  of  insulin  bound 
at  basal  insulin  concentrations  but  decreased  insulin  binding  at  high 
(stimulated)  insulin  concentrations.   The  decrease  in  receptor  concentration, 
the  increase  in  receptor  affinity,  and  the  severity  of  insulin  resistance 
correlated  well  with  the  magnitude  of  elevation  of  plasma  growth  hormone. 
In  vitro  incubation  of  normal  monocytes  with  plasma  of  acromegalic  patients 
or  growth  hormone  itself,  for  periods  of  up  to  3  hours  had  no  effect  on 
insulin  binding. 

In  eight  patients  with  lipoatrophic  diabetes  (and  severe  insulin 
resistance)  we  have  studied  the  insulin  receptors  on  circulating  monocytes 
and  in  some  cases,  on  red  cells.   In  some  patients,  no  defect  in  insulin 
binding  was  found,  while  in  others,  a  reduction  in  receptor  affinity  resulted 
in  a  clear  abnormality  of  the  binding.   The  plasma  from  some  of  the  patients 
was  capable  of  inhibiting  the  insulin  binding  to  normal  cells,  suggesting 
the  presence  of  some  inhibitor  activity  in  the  plasma  of  these  patients.   The 
nature  of  this  factor  is  unknown.   The  data  suggests  that  so-called  lipo- 
atrophic diabetes  is  a  heterogenous  clinical  syndrome  and  that  only  in  some 
cases  the  insulin  resistance  correlates  with  a  receptor  abnormality. 

Insulin  binding  to  erythrocytes  has  been  evaluated  in  eight  patients 
with  anorexia  nervosa;  six  of  them  were  studied  before  and  after  weight 
gain.   We  showed  that  the  insulin  binding  in  the  untreated  state  was  elevated 
due  to  increased  number  of  receptors  as  compared  to  a  group  of  normal 
females  and  returned  to  normal  range  after  weight  gain.   There  was  an  inverse 
correlation  between  the  percentage  of  ideal  body  weight  and  insulin  binding, 
which  is  in  agreement  with  previous  observations  that  patients  with  anorexia 
neirvosa  have  increased  insulin  sensitivity.   In  six  of  the  sixteen  studies 
performed  in  this  group  of  patients,  binding  to  monocytes  was  also  measured 
and  the  results  were  in  good  agreement  with  the  ones  obtained  by  using 
erythrocytes. 

We  have  studied  an  additional  number  of  patients  with  diseases  of 
altered  insulin  sensitivity  states,  such  as  lipodystrophy,  obesity,  ataxia 
telangiectasia,  insulin  resistance  with  acanthosis  nigricans,  hypercorti- 
solism,  as  well  as  normal  volunteers.   In  addition  to  the  studies  in  human 
erythrocytes,   several  comparative  studies  were  performed  in  monocytes, 
showing  generally  good  agreement. 

Publications : 

1.    Bar,  R.  S.,  Levis,  W.  R. ,  Rechler,  M.  M. ,  Harrison,  L.  C. ,  Siebert, 
C.  W. ,  Podskalny,  J.  M. ,  Roth,  J.,  and  Muggeo,  M. :   Extreme  insulin 
resistance  in  ataxia  telangiectasia:  Defect  in  affinity  of  insulin 
receptors.   New  Engl.  J.  Med.  298:  1164-1171,  1978. 
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Muggeo,  M. ,  Bar,  R.  S.,  Roth,  J.,  Harrison,  L.  C. ,  De  Meyts,  P.,  and 
Kahn,  C.  R. :   Pathophysiology  of  insulin  receptors  in  man.   In 
Alberti,  K.  K.  G. ,  Crepaldi,  G. ,  Lefebvre,  P.  (Eds.):  Proceedings  of 
the  2nd  European  Meeting  on  Metabolism,   Academic  Press,  London, 
1978,  in  press. 

Bar,  R.  S.,  Muggeo,  M. ,  Roth,  J.,  Kahn,  C.  R. ,  Havrankova,  J., 
Imperato-McGinley,  J.:   Insulin  resistance,  acanthosis  nigricans,  and 
normal  insulin  receptors  in  a  young  woman:  Evidence  for  a  post-receptor 
defect.   J.  Clin.  Endocrinol.  Metab.,  1978,  in  press. 

Muggeo,  M. ,  Bar,  R.  S. ,  Roth,  J.,  Kahn,  C.  R. ,  and  Gorden,  P.: 
Insulin  receptors:  Biologically  relevant  regulation  of  concentration 
and  affinity.   In  Autoimmunity  in  Endocrine  Diseases,  Menarini  Symposia 
Series,  Geneva,  1978,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  insulin  receptor  in  vivo  has  been  studied  in  the  whole  animal  and 
a  computer  model  which  describes  the  insulin- insulin  receptor  interaction  in 
vivo  has  been  developed.   We  have  extended  these  studies  to  humans  in  both 
normal  and  obese  subjects.   It  is  estimated  that  in  humans,  between  47-76%  of 
the  insulin  outside  of  the  pancreatic  6-cell  is  bound  to  receptors  in  vivo. 
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Previously  rabbits  had  been  used  to  study  the  insulin  receptor  in  vivo; 
we  have  now  adapted  this  method  to  studies  in  humans,  utilizing  ^^^I-pork 
insulin  (with  high  affinity  for  receptor)  and  ^■^^I-pork  proinsulin  (with 
low  affinity  for  receptors).   We  have  studied  three  normal  volunteers  and 
two  obese  patients.   Plasma  samples  were  analyzed  for  insulin  and  proinsulin 
content  by  TCA  precipitation  and  antibody  binding.   The  results  obtained  by 
these  two  methods  were  in  good  agreement .   We  calculated  the  apparent 
volume  of  distribution;  it   was  2-3  fold  higher  for  insulin  than  for 
proinsulin.   No  significant  differences  were  observed  between  the  normals 
and  the  obese  patients.   We  estimated  that  47-76%  of  the  insulin  outside 
of  the  pancreatic  6-cells  is  bound  to  receptors  in  vivo.   We  are  planning 
to  extend  these  studies  to  other  disease  states  with  altered  insulin 
sensitivity. 

The  computer  model,  developed  by  Drs.  Berman  and  McGuire,  describing 
the  insulin  binding  in  vivo  in  the  rabbit  will  be  evalulated  in  the  studies 
in  humans . 

Publications: 

1.    Zeleznik,  A.  J. ,  and  Roth,  J. :   Demonstration  of  the  insulin  receptor 
in  vivo  in  rabbits  and  its  possible  role  as  a  reservoir  for  the  plasma 
hormone.   J.  Clin.  Invest.  61:  1363-1374,  1978. 
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L.  C.  M.  is  supported  by  a  grant  from  the  American  Diabetes  Association, 
Inc.,  Washington,  D.  C.  Area  Affiliate. 
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SUMMARY    OF    iJORK    (200    «ords    or    less    -    underline    keywords) 

The  insulin  receptor  is  solubilized  from  human  placental  membranes . 
Purification  of  the  solubilized  insulin  receptor  is  being  undertaken  using 
anti-receptor  antibody.  An  immunoprecipitation  method  using  the  I-insulii 
receptor  complex  has  been  developed  to  assay  for  insulin-receptor  antibodies 
Specificity  of  receptor  antibodies  can  be  used  to  measure  receptor  concentra 
tion.  Characterization  of  the  solubilized  insulin  receptor  on  IM-9  cultured 
human  cells  is  also  being  studied. 
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The  interaction  of  insulin  receptor  antibodies  with  the  solubilized 
insulin  receptor  has  been  studied  in  detail.   Solubilized  insulin  receptors 
were  prepared  by  extracting  human  placental  membranes  with  Triton  X-100, 
and  assaying  for  ^^^I-insulin  binding  activity  using  polyethylene  glycol       ^ 
to  precipitate  receptors-   These  solubilized  receptors  retained  all  the       ^' 
properties,  including  negative  cooperativitiy  of  membrane-bound  receptors. 
Receptors  antibodies  inhibited  insulin  binding  to  the  solubilized  receptors 
with  the  same  titers  as  previously  reported  using  whole  cells.   This 
inhibition  was  due  to  a  decrease  in  the  number  of  available  insulin 
binding  sites,  rather  than  a  decrease  in  their  affinity  as  seen  with 
membrane-bound  receptors. 

Immunoprecipitation  of  the  Insulin  Receptor: 

'•^^I-insulin- labeled  receptor  could  be  immunoprecipitated  by  receptor 
antibodies  after  the  addition  of  the  second  antibody  (using  anti-human  IgG) 
or  protein-A-Sepharose.   The  procedure  was  highly  specific,  resulting  in 
selective  extraction  of  only  three  major  membrane  proteins,  as  seen  on 
polyacrylamide  gels.   Immunoprecipitation  was  a  more  sensitive  assay  for 
receptor  antibodies  than  the  standard  binding  inhibitiCui  assay.   It  enables 
us  to  detect  antibodies  against  any  determinant   on  the  receptor,  not 
only  those  which  happen  to  impair  insulin  binding  or  evoke  insulin-like 
effects.  ^ 

Radioimmunoassay  of  the  Insulin  Receptor: 

The  specificity  of  the  antibodies  for  precipitating  the  receptor  has 
made  them  a  useful  reagent  for  measurement  of  the  receptor  in  a  classic 
radioimmunoassay  procedure.   Receptor  was  labeled  with  ^^^I-insulin  and 
incubated  together  with  a  fixed  amount  of  antibody  and  increasing  amounts 
of  unlabeled  receptor.   Bound  and  free  labeled  receptor  were  separated 
by  addition  of  a  second  antibody.   Addition  of  a  minimum  of  10  '^^   M  unlabeled 
insulin  binding  sites  resulted  in  a  decrease  in  the  bound  labeled  receptor. 
This  assay  enabled  us,  for  the  first  time,  to  measure  the  receptor  independ- 
ent  of  its  ability  to  bind  insulin. 

Affinity  Purification  of  the  Insulin  Receptor: 

The  receptor  antibodies  have  provided  a  unique  means  of  purifying  the 
insulin  receptor.   Previous  attempts  to  purify  the  receptor  by  insulin- 
agarose  affinity  chromatography  have  resulted  in   very  limited  purification 
and  very  low  recovery.   However,  single-step  chromatography  on  an  antibody-    ^ 
agarose  column  using  2.5M  MgCl2,  pH  6.5  as  an  eluant,  resulted  in  a  receptor  W 
preparation  which  was  minimally  3-10%  pure.   Electrophoresis  in  Triton  on 
polyacrylamide  gels  characterized  two  major  insulin-binding  proteins. 
Addition  of  a  lectin-af f inity  step  to  this  antibody  purification  procedure 
should  provide  us  with  sufficient  receptor  for  compositional  and  structural 
studies. 
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Project  Description  Continued: 

Characterization  of  the  Solubilized  Insulin-Receptor  From  IM-9  Lymphocytes: 

The  insulin  receptor  from  IM-9  lymphocyte   plasma  membranes  has  been 
solubilized  with  Triton  X-100  and  its  properties  studied.   In  0.05  -  0.2% 
Triton  X-100  the  solubilized  receptor  binds  like  the  receptor  on  intact  cells 
or  membranes.   We  are  characterizing  the  soluble  receptor  by  using  polyacril- 
amide  gels  containing  Triton  X-100,  in  order  to  preserve  the  binding  activity 
of  the  soluble  receptor.   With  this  system  it  is  also  possible  to  separate 
the  receptor-^^^I-insulin  complex  from  the  free  ^^^I-insulin. 

In  order  to  further  characterize  the  insulin  receptor,  the  IM-9  cell 
line  was  surface  labeled  with  Na^^^I  by  the  lactoperoxidase  method.   Binding 
of  ^^^I-insulin  to  the  labeled  cells  was  the  same  as  to  non-treated  cells. 
Plasma  membranes  from  these  labeled  cells  were  solubilized  with  Triton  X-100 
and  the  solubilized  receptor  was  precipitated  with  anti-receptor  antibody, 
in  the  presence  and  in  the  absence  of  insulin.   We  are  further  analyzing  this 
labeled  antibody-receptor  complex  by  polyacrilamide  gel  electrophoresis. 

Awards : 

A.  I.  is  supported  by  a  grant  from  the  American  Diabetes  Association, 
Inc. 

P.  N.  is  supported  by  a  grant  from  the  Juvenile  Diabetes  Foundation. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Autoantibodies  directed  against  the  insulin  receptor  are  an  unconnnon 
cause  of  severe  insulin  resistant  diabetes  mellitus.   Autoantibodies  and 
insulin  compete  with  each  other  for  binding  to  many  cell  types, 
and  one  of  these  antibodies  induce  negatively  cooperative  site-site  inter- 
actions.  Like  insulin,  insulin  competable  antibody  binding  was  saturable. 
The  spontaneous  dissociation  of  both  prebound  insulin  and  antibody  were  pH- 
dependent,  although  that  of  insulin  was  more  sensitive.   These  anti-receptor 
autoantibodies  possess  extraordinary   insulin-like  characteristics,  competing 
with  insulin  for  receptor  binding  and  stimulating  receptor  mediated  responses 
apparently  by  similar  mechanisms  to  insulin  itself. 


i. 


PHS-6040 
(Rev.  10-76) 


_9_22_ 


Project  Number  ZOl  AM  47,008  -  03  DB 

Project  Description: 

Autoantibodies  directed  against  the  insulin  receptor  are  an  uncommon 
cause  of  severe  insulin  resistant  diabetes  mellitus.   Such  antibodies  have 
been  characterized  and  shown  to  significantly  impair  receptor  function  by 
producing  changes  in  either  the  available  receptor  number,  insulin  receptor 
affinity,  or  both.   Furthermore,  these  antibodies  produce  insulin-like 
biological  responses  presumably  through  their  interaction  with  the  insulin 
receptor,  and  such  responses  appear  to  be  dependent  upon  the  bivalency  of 
the  antibody.  ^Enriched    I-labelled  antireceptor  antibody  preparations  were 
prepared  from  ■^~  I-IgG  by  selective  cy toadsorption  and  elution  from  cells 
rich  in  insulin  receptors.   Direct  binding  studies  using  these  labeled 
antibody  preparations  have  shown  that  the  antibodies  bind  to  a  variety  of 
cells  and  tissues  in  direct  proportion  to  the  insulin  receptor  concentration 
present.   E:<posure  of  cells  rich  in  insulin  receptors  to  some  proteolytic 
enzymes  resulted  in  comparable  reductions  in  the  binding  of  both  insulin  and 
antibody.   Antibody  binding  was  competed  for  only  by  insulins  and  by  whole 
plasma  and  IgG  preparations  from  patients  with  insulin-receptor  autoanti- 
bodies.  The  nature  of  this  competitive  interaction  has  been  extensively 
studied  using  a  double  label  procedure  with  tracer  amounts  of  -^-'■^I-labeled 
insulin  and  125i.antireceptor  antibody  preparations.   Like  labeled  insulin, 
insulin  competable  antibody  binding  was  saturable  but  unlike  insulin  this 
binding  was  only  slowly  reversible  at  neutral  pH.   Changes  in  available 
insulin  receptor  number  produced  by  insulin  or  these  antireceptor  antibodies 
produced  a  comparable  reduction  in  the  binding  of  insulin  and  antibody  at 
neutral  pH.   However,  changes  in  insulin  receptor  affinity  induced  by  low  pH 
did  not  affect  antibody  binding  even  though  insulin  binding  was  severely 
compromised.   The  spontaneous  dissociation  of  both  prebound -insulin  and 
antibody  were  pH  dependent,  with  insulin  being  much  more  sensitive.   Further- 
more, insulin  induced  accelerated  dissociation  of  prebound  insulin  (negative 
cooperativity)  had  little  effect  upon  the  dissociation  of  prebound  antibody. 
However,  during  antibody  association,  an  insulin  accelerated  dissociation 
was  observed,  and  this  effect  decreased  as  antibody  binding  approached  a 
steady  state.   Thus,  while  antibody  binding  was  inhibited  through  a  decrease 
in  the  available  receptor  number,  uncier  conditions  where  insulin  induced 
negative  cooperativity,  antibody  binding  was  also  shown  to  be  sensitive  to 
changes  in  insulin- receptor  affinity.   While  the  competition  for  insulin 
binding  by  this  antibody  at  low  concentrations  was  predominantly  due  to  a 
decrease  in  available  receptor  number,  antibody  at  concentrations  which 
inhibited  insulin  binding  by  80%  ,  like  insulin,  induced  an 

accelerated  dissociation  of  prebound  insulin  but  was  without  effect  upon 
prebound  antibody.   Thus,  these  antireceptor  autoantibodies  possess 
extraordinary  insulin-like  characteristics,  competing  with  insulin  at  the 
receptor,  and  stimulating  receptor  mediated  responses  apparently  by  similar 
mechanisms  to  insulin  itself. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Sera  which  contain  anti-insulin  receptor  antibodies  were  used  as  probes 
of  insulin  receptors  in  adipocytes  and  in  muscle.   These  sera  block  insulin 
binding,  and  acute  exposure  had  insulin-like  biological  effects.   This 
activity  resided  in  the  F(ab')^  portion  of  the  molecule.   Fab'  fragments 
bind  to  receptor,  block  insulift  binding  and  action,  but  are  without 
bioactivity.   These  findings  suggest  an  important  role  for  receptor 
aggregation  in  insulin  action. 
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Exposure  of  adipocytes  to  antibodies  to  the  insulin  receptor  results 
in  a  blockade  of  ^^^I-insulin  binding,  stimulation  of  glucose  oxidation, 
and  multiple  other  insulin-like  effects.   Allowing  for  differences  in 
purity,  anti-receptor  antibody  is  equipotent  with  insulin  on  a  molar 
basis.   Both  the  bivalent  F(ab')2  fragment  and  monovalent  Fab'  of  the  anti- 
receptor  antibody  are  fully  active  in  inhibiting  ^^^I-insulin  binding. 
Bivalent  F(ab')2  also  retains  its  insulin-like  effects.   In  contrast, 
the  monovalent  Fab'  loses  almost  all  ability  to  stimulate  glucose  oxidation, 
and  acts  as  a  competitive  antagonist  of  insulin-stimulated  glucose  oxidation. 
Addition  of  anti-Fab2  anti-sera  which  cross-link  the  Fab '-receptor  complexes 
results  in  a  restoration  of  the  insulin-like  activity  of  the  antibody. 
Similarly,  if  cells  are  exposed  to  submaximal  doses  of  insulin,  addition 
of  anti-insulin  antibodies  in  low  concentration  enhances  the  biological 
activity  of  insulin.   These  data  suggest  that  receptor  occupancy  by  ligand 
is  not  sufficient  for  signal  generation  and  that  the  insulin-like  effects 
of  anti-receptor  antibody  (and  perhaps  insulin  itself)  require  receptor 
aggregation  or  clustering.   This  aggregation,  however,  appears  to  be  inde- 
pendent of  mir-of ilaments  or  microtubules  since  the  insulin-like  effects 
of  anti-receptor  antibody,  and  in  fact,  of  insulin  itself,  are  unaffected 
by  agents  which  are  known  to  disrupt  these  structures. 

With  isolated  soleus  muscle,  the  anti-receptor  antibodies  block  insulin 

binding  and  stimulate  glycolysis  and  2-deoxyglucose  transport.   They  will 
also  activate  glycogen  synthesis,  but  to  a  lesser  extent 

than  insulin.   Studies  of  glycogen  synthase  activity  are  now  underway. 


Publications : 

1.  Kahn,  C.  R. ,  Baird,  K.  L. ,  Flier,  J.  S.,  and  Jarrett,  D.  B. :  Effects 
of  autoantibodies  to  the  insulin  receptor  on  isolated  adipocytes: 
Studies  of  insulin  binding  and  action.   J.  Clin.  Invest.   60:  698-700, 
1977. 

2.  LeMarchand,  Y. ,  Freychet,  P.,  Flier,  J.  S.,  Kahn,  C.  R. ,  and  Gorden,  P. 
Anti-insulin  receptor  antibodies  inhibit  insulin  binding  and  stimulate 
glucose  metabolism  in  skeletal  muscle.   Diabetologia,  14:  311-317,  1973. 

3.  Kahn,  C.  R. ,  Baird,  K.  L. ,  Jarrett,  D.  B. ,  and  Flier,  J.  S.:   Direct 
demonstration  that  receptor  cross-linking  or  aggregation  is  important 
in  insulin  action.   Proc.  Natl.  Acad.  Sci. ,  USA,  in  press. 
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1977  David  Rumbough  Memorial  Award  for  Scientific  Achievement 
from  the  Juvenile  Diabetes  Foundation. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

NSILA-S  is  an  insulin- like  peptide  which  reacts  with  its  own  receptor  and 
the  insulin  receptor.   NSILA-s  is  elevated  in  about  40%  of  patients  with  hypo- 
glycemia and  non-islet  cell  tumors.   NSILA-s  is  low  in  hypopituitary  loses  of 
growth  hormone  (GH) ,  however,  NSILA-s  does  not  appear  to  respond  acutely  to 
changes  in  endogenous  GH.   A  method  for  purification  of  NSILA-s  and  related 
peptides  has  been  developed,  taking  advantage  of  its  endogenous  binding 
proteia  With  this  method,  three  active  fractions  of  different  mobility  on 
polyacrylamide  gels  have  been  identified. 
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NSILA-s  (non-suppressible  insulin-like  activity,  soluble  in  acid 
ethanol)  is  a  serum  peptide  that  has  insulin-like  and  growth-promoting 
activities.   We  have  demonstrated  previously  that  liver  plasma  membranes 
possess  separate  receptors  for  NSILA-s  and  insulin,  which  overlap  in  their 
specificities  for  both  peptides,  and  developed  a  specific  and  sensitive 
radioreceptor  assay  for  NSILA-s  in  plasma.   We  are  continuing  to  measure 
insulin-like  peptide  levels  in  patients  with  our  radioreceptor  assay  . 

The  insulin-like  growth  factors  of  human  serum,  somatomedins  A  and  C 
and  NSILA  I  and  II  are  available  in  only  a  few  laboratories  and  in  very 
limited  quantity.   In  the  present  study  we  have  identified  three  of  these 
peptides  and  have  partially  purified  two  of  them  from  human  plasma  by  a 
high-yield  method  that  utilizes  the  natural  affinity  of  these  peptides 
for  their  binding  proteins.   Human  plasma  was  ultraf iltered  at  neutral 
pH, and  the  insulin-like  growth  factors,  which  were  associated  with  high 
molecular  weight  binding  proteins,  were  retained,  while  insulin  and  other 
low  molecular  weight  polypeptides  were  eliminated.   The  retentate  was 
acidified  to  dissociate  the  peptides  from  their  binding  proteins  and  the 
ultrafiltration  was  repeated.   The  dissociated  pepides  were  collected  in 
the  ultraf iltrate.   Further  purification  was  obtained  on  gel  filtration 
on  Sephadex  G-75.   Two  peaks  of  activity  were  observed  with  apparent 
molecular  weights  between  6,000  and  10,000.   The  more  retarded  peak, 
comprising  80%  of  the  activity,  was  further  resolved  by  isoelectric  focusing 
into  two  sharp  bands.   The  major  fraction  (75%)  had  an  isoelectric  point 
of  6.5,  similar  to  somatomedin  A,  the  minor  fraction  (25%)  had  an  isolectric 
point  of  8.3,  similar  to  somatomedin  C  and  the  recently  purified  NSILA  I  and 
NSILA  II  (also  known  as  IGF  I  and  II) .   Both  fractions  were  active  in  the 
insulin  and  NSILA-S/MSA  radioreceptor  assays.   The  specific  activities  of 
these  fractions  were  33  and  36  mU/mg  of  insulin-like  activity  respectively. 
Both  fractions  had  insulin-like  and  somatomedin  bioactivity,  but  only  the 
pi  8.3  fraction  contained  immunoreactive  somatomedin  C.   The  overall 
purification  was  20,000-fold  from  plasma  and  the  recovery  of  activity  was 
nearly  complete.   This  purification  scheme  will  allow  purification  of 
substantial  quantities  of  the  insulin-like  growth  factors. 

Publications : 

1.  Megyesi,  K. ,  Gorden,  P.,  and  Kahn,  C.  R. :   Lack  of  a  simple  relation- 
ship between  endogenous  growth  hormone  and  NSILA-s  related  peptides. 
J.  Clin.  Endocrinol.  Metab.   45:  330-338,  1977. 

2.  Ginsberg,  B.  H.  ,  Kahn,  C.  R. ,  Roth,  J.,  Megyesi,  K. ,  and  Bauman,  G. : 
Identification  and  high-yield  purification  of  insulin-like  growth 
factors  (NSILA-s  and  somatomedins)  from  human  plasma  by  use  of 
endogenous  binding  proteins.   J.  Clin.  Endocrinol.  Metab.,  in  press. 
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SUMMARY  OF  WORK  (200  ^ords  or  less  -  underline  keywords) 

In  our  studies  of  the  insulin-like  growth  factor  (somatomedin), 
multiplication  stimulating  activity  (MSA),  a  polypeptide  synthesized  by  a 
cloned  line  of  rat  liver  cells  in  culture  progress  has  been  made  in  three 
major  areas:  1.  Chemical  characterization  of  MSA  peptides  from  BRL-3A  rat 
liver  cells;  2.  Development  of  a  radioimmunoassay  for  BRL-MSA;  and  3.  A 
demonstration  that  fetal  rat  liver  explants  synthesize  a  polypeptide  related 
to  BRL-MSA. 


e 


9  35 


P 


PHS-6040 
(Rev.  10-76) 


Project  Number  ZOl  AM  47,011  -  05  DB 

Project  Description: 

MSA  purified  from  the  BRL-3A  cell  line  is  a  family  of  at  least  7  poly- 
peptides that  range  in  molecular  weight  from  7,000  to  18,700.   Several  of 
these  polypeptides  have  been  purified  to  homogeneity  and  one,  molecular  weight 
8,700,  has  been  extensively  characterized.   These  polypeptides  are  closely 
related  to  each  other  as  shown  by  bioassay^ radioreceptor  assays  and  radio- 
immunoassay.  At  least  part  of  the  microheterogeneity  is  due  to  intrachain 
cleavages. 

Antibodies  to  purified  BRL-MSA  were  raised  in  rabbits  and  used  to 
develop  a  radioimmunoassay  for  MSA.   By  this  specific  MSA  radioimmunoassay 
MSA  levels  of  100  ng/ml  have  been  measured  in  the  blood  of  young  rats,  and 
levels  2-3  fold  lower  in  the  blood  of  hypophysectomized  rats.   Immunoreactive 
MSA  appears  to  account  for  only  a  small  part  of  the  total  growth  hormone 
dependent  bioactivity  in  rat  serum. 

Explants  of  term  fetal  rat  livei;  maintained  in  culture  for  4  days  in 
chemically  defined  serum  free  media,  synthesized  a  polypeptide  that  chemi- 
cally, biologically  and  immunologically  resembles  BRL-MSA.   This  experimental 
system  should  prove  useful  in  evaluating  the  rolp  of  MSA  in  normal  and  ab- 
normal fetal  growth. 

Publications  : 

1.  Rechler,  M.  M. ,  and  Nissley ,  S.  P.:   Somatomedins  and  related  growth 
factors.   Nature  270:  665-666,  1977. 

2.  Rechler,  M.  M. ,  Fryklund,  L. ,  Nissley,  S.  P.,  Hall,  K.  ,  Podskalny,  J.  M.  , 
Skottner,  A.,  and  Moses,  A.  C. :   Purified  human  somatomedin  A  and  rat 
multiplication  stimulating  activity  (MSA) :   mitogens  for  cultured  fibro- 
blasts that  cross-react  with  the  same  growth  peptide  receptors.   Eur. 

J.  Biochem.  82:  5-12,  1978. 

3.  Bar,  R.  S.  ,  Rechler,  M.  M. ,  Harrison,  L.  C. ,  Levis,  W.  R. ,  Siebert,  C.  W. , 
Podskalny,  J.  M. ,  and  Roth,  J. :   Extreme  insulin  resistance  in  ataxia 
telangiectasia:  defect  in  the  affinity  of  insulin  receptors.   New  Eng.  J. 
Med. ,  in  press. 

4.  Moses,  A.  C. ,  Nissley,  S.  P.,  Rechler,  M.  M. ,  Short,  P.  A.,  and 
Podskalny,  J.  M. :   The  purification  and  characterization  of  multiplica- 
tion stimulating  activity  (MSA)  from  media  conditioned  by  a  rat  liver 
cell  line.   International  Symposium  on  Somatomedins  and  Growth,  Santa 
Margherita  Ligure,  Italy,  March  1-3,  1978,  in  press. 
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SUMMARY  OF  WORK  (200  -ords  or  less  -  underline  keywords)  ■,  ^  c 

In  hGH  radioreceptor  assay  unlabeled  hCH  competes  with  "  I-hGH  for 
binding  a  fixed  number  of  receptor  sites  on  cultured  human  lymphocytes  (IM-9) . 
The  ability  of  hGH  to  regulate  its  receptor  concentration  has  been  exploited 
to  increase  the  sensitivity  of  the  hGH  in  radioreceptor  assay. 

In  general,  radioimmunoassays  are  more  sensitive  than  receptor  assay 
than  in  vivo  bioassays.   The  specificities  of  the  various  assays  are  different 
and  these  studies  focus  on  the  binding  of  hGH  to  its  receptor. 


This  project  has  been  temporarily  discontinued. 


# 


937 


PhS-6040 
(Rev.  10-7&) 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Oo  NOT  use  this  saace) 


-Oct.  ""  .    '''^"^^    I""    '^ppfPTTihpr    ?n.    1978 

TITLE  oF  PROJECT  (80  characters  or  less) 


Acromegaly 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  .JELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  Of 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  AM  47,014  -  10  DB 


PERIOD  COVERED 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI:     J.  Roth 
Other:   P.  Gorden 

R.  C.  Eastman 


Medical  Director 
Senior  Surgeon 
Investigator 


DB,  NIAMDD 
DB,  NIAMDD 
Maine  Medical  Center 


COOPERATING  UNITS  (if  any) 

Department  of  Internal  Medicine,  Maine  Medical  Center,  Portland,  Maine 


LABySRANCH 

Diabetes  Branch 


SECTION 


INSTITUTE  AND  LOCATION 

NIAMDD;  NIH,  Bethesda,  Maryland   20014 


TOTAL  MANYEARS: 


CHECK  APPROPRIATE  BOX(ES) 
S  (a)   HUMAN  SUBJECTS 


PROFESSIONAL: 


OTHER: 


)Qi(b)  HUMAN  TISSUES 


□  (c)  NEITHER 


□  (a1 )  MINORS 


(a2)  INTERVIEWS 


SUMMARY    OF    ;VORK    (200    -jords    or    less    -    underline    keywords) 

The  standard  therapy  for  growth  hormone  elevation  in  acromegaly  has  been 
conventional  supervoltage  irradiation.   The  data  of  human  growth  hormone  levels 
in  acromegalics  who  received  radiotherapy  has  been  evaluated  in  the  ten-year 
level  in  1976-77. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  fate  of  insulin  bound  to  its  receptor  on  adipocytes  is  being  studied. 
The  insulin  appears  to  be  rapidly  compartmentalized  and  processed  to  both 
lower  and  higher  molecular  weight  components.   The  method  of  cross-linking 
agents  has  been  employed  to  study  the  relationship  of  the  insulin  receptor 
and  the  mediation  of  glucose  oxidation  on  the  adipocyte.   Rat  liver  membranes 
are  used  with  the  method  of  ionizing  radiation  to  determine  molecular  weight 
of  insulin  receptor  and  insulin  degrading  system(s) . 
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125 

I-insulin  binds  rapidly  and  reversibly  to  its  receptor  on  a  variety 

of  tissues.   To  investigate  the  fate  of  the  bound  insulin,  adipocytes  were 

exposed  to  ^^^I-insulin  at  37°C,  and  at  selected  intervals  the  cells  were 

treated  in  an  attempt  to  dissociate  the  bound  insulin.   By  several  criteria 

the  specifically  bound  insulin  became  progressively  less  dissociable.   This 

2  minutes  after  onset  of  binding,  50%  of  the  ^^^I-insulin  was  dissociated 

by  mild  acid,  65%  by  trypsin,  and  75%  by  excess  insulin;  whereas  after  60 

minutes,  the  same  treatments  dissociated  only  0,  35,  and  50%,  respectively. 

To  study  the  nature  of  the  cell-associated  radioactivity,  the  cell 
pellets  were  dissolved  in  urea,  acetic  acid  and  Triton  X-100  and  filtered 
on  Sephadex  G-50.   Within  30  seconds  10%  of  the  ^^■'I-insulin  bound  to  the 
cells  was  degraded  to  iodotyrosyl-fragments.   This  fraction  increased 
to  35%  after  only  7  minutes,  while  the  fraction  of  intact  insulin  progress- 
ively declined.   A  small  amount  of  the  ^25j  also  eluted  in  the  void  volume, 
and  this  increased  linearly,  reaching  10%  of  the  total  by  35  minutes.   The 
cell-associated  radioactivity  which  was  resistant  to  trypsin  included  the 
entire  void  volume  material,  as  well  as  increasing  fractions  of  the  intact 
insulin  and  iodotyrosyl-peptides. 

These  data  suggest  that  insulin  bound  to  adipocytes  at  37 °C  rrpidly 
becomes  both  "compartmentalized",  i.e.,  less  accessible  to  dissociating 
agents,  and  "processed"  to  both  higher  and  lower  molecular  weight  components. 
Preliminary  studies  suggest  this  process  is  partially  blocked  by  exposure 
of  the  cells  to  50  uM  chloroquine,  an  agent  known  to  interfere  with  lysosomal 
degradation.   Chloroquine,  however,  has  no  effect  on  insulin's  ability  to 
stimulate  glucose  oxidation.   Thus,  the  role  of  these  phenomena  in  insulin 
action  remains  uncertain. 

Effect  of  chemical  cross-linking  agents  on  adipocytes: 

In  an  effort  to  investigate  the  relationship  of  insulin  receptor  and 
the  mediation  of  insulin  stimulated  glucose  oxidation,  adipocytes  have  been 
treated  with  four  cross-linking  agents:  dif luoro-dinitrobenzene,  bis(fluoro- 
nitrophenyl)  sulfone,  m-maleimidobenzoyl  N-hydroxysuccinimide,  and  dimethyl 
suberimidate.   The  agents  differed  in  chemical  reactivity  and  distance 
between  functional  groups.   After  a  one  minute,  37 °C  exposure  of  rat  epididy- 
mal  adipocytes  to  the  above  reagents  the  fat  cells  were  tested  for  their 
ability:  (1)  to  oxidize  glucose  without  and  with  insulin  and  vitamin  K5 ,  and 
(2)  to  bind  and  degrade  insulin.   The  effect  of  the  cross-link  reagents  and 
adipocytes  may  be  summarized  as:  (1)  at  very  low  concentrations  (from  0.01  yM 
to  100  yM)  these  agents  raise  the  basal  rate  of  glucose  oxidation.   (2)  Insulin 
and  vitamin  K5  stimulated  glucose  oxidation  are  affected  in  a  parallel  manner 
and  are  either  unaffected,  increased  slightly,  or  decreased  slightly  in  the 
same  concentration  range.   (3)  In  the  same  concentration  range  insulin  binding 
is  completely  unaffected.   (4)  Above  approximately  100  yM  the  cross-link  reagents 
inactivate  glucose  oxidation  activity-basally,  as  well  as  insulin-stimulated 
and  vitamin  Ks-stimulated.  (5)  Specific  insulin  binding  is  lost  either  at  the 
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the  same  time  or  at  a  10-fold  higher  concentration  of  cross-link  reagent. 
The  results  have  been  interpreted  that  the  cross-link  reagents  mostly  affect 
the  glucose  transport  system.   The  glucose  carrier  protein  probably  has  2 
lysines  and  a  cystein  whose  side  chains  are  5  to  11  A  apart.   These  residues 
are  believed  to  be  important  in  glucose  transport  and  insulin-stimulated 
glucose  transport. 

Certain  forms  of  radiation,  i.e.,  ionizing  radiation,  can  be  used  to 
determine  the  molecular  weight  of  a  biologically  functional  molecule.   The 
advantages  of  this  technique  are  that  the  molecule  does  not  have  to  be  pure 
and  that  the  molecular  weight  determined  is  independent  of  the  shape  of  the 
molecule. 

Using  this  technique,  we  have  begun  to  determine  the  molecular  weight 
of  the  insulin  receptor  and  the  insulin  degrading  system(s)  in  rat  liver 
membranes.   The  results  obtained  with  this  procedure  depend  on  the  decrease 
in  activity  with  increasing  doses  of  radiation.   Therefore,  this  technique 
allows  us  to  evaluate  any  membrane  component  which  will  alter  that  activity, 
for  example,  an  interaction  with  the  receptor  in  such  as  way  as  to  regulate 
the  affinity  of  the  recepor.   The  binding  studies  indicate  that  the  insulin 
receptor  has  a  molecular  weight  of  '^100,000  which  in  the  unirradiated  membrane 
is  either  associated  in  '">^300,000  molecular  weight  complex  or  associated  with 
an  inhibitor  which  decreases  the  affinity  of  the  receptor.   Insulin  degradation^ 
appears  to  be  composed  of  two  components,  one  with  a  molecular  weight  of       • 
'^-l,000,000  and  a  second  with  a  molecular  weight  of  '^'100,000. 

-  Although  these  results  are  only  preliminary,  they  have  demonstrated  the 
applicability  of  this  methodology  to  examine  the  insulin  receptor  interactions 
either  with  themselves  or  with  other  membrane  components.   Future  work  will 
involve  kinetic  experiments  to  examine  cooperative  interaction  as  well  as 
chemical  and  enzymatic  treatments  to  perturb  the  receptor.   The  results  will 
offer  a  clearer  understanding  of  the  events  that  occur  in  the  membrane 
when  insulin  binds. 

Publications: 

1.   Kahn,  C.  R. ,  and  Baird,  K.  L. :   The  fate  of  insulin  bound  to  adipocytes: 
Evidence  for  compartmentalization  and  processing.   J.  Biol.  Chem. ,  in 
press. 


2.  Ginsberg,  B.  H. :   The  Insulin  Receptor:  Properties  and  Regulation. 

In  Litwak,  G.  (Ed,):  Biochemical  Actions  of  the  Hormones.   Chapter  7, 
New  York,  Volume  4:  313-349,  1977. 

3.  Ginsberg,  B.  H. ,  Cohen,  R.  M. ,  Kahn,  C.  R. ,  and  Roth,  J.:   The  detergent 
solubilized  insulin  receptor:  Properties  and  partial  purification. 
Biochem.  Biophys.  Acta   443:  227,  1976. 
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SUMMARY  OF  wORK  (200  words  or  less  -  underline  keywords) 

Although  ouabain-like  molecules  are  widely  distributed  in  the  plant 
kingdom,  their  presence  in  the  animal  kingdom  was  thought  to  be  limited  to 
the  large  poison  gland  secretions  of  aufonid   toads.   Based  on_|_the_^speculation 
that  ouabain-like  molecules  would  be  useful  regulators  of  (Na  +  K  )-ATPase  of 
higher  species,  we  examined  the  skin  of  a  variety  of  amphibians  for 
endogenous  ouabain  activity,  using  a  ^H-ouabain  binding  competition  assay. 
Of  the  twenty  species  tested,  12  had  ouabain-like  activity  demonstrable  in 
skin,  ranging  from  low  levels  to  as  high  as  0.01%  of  the  wet  weight  of  skin. 
Activity  was  confirmed  by  ATPase  and  K+  flux  inhibition  studies.   The  activity 
is  a  small  molecule,  resistant  to  boiling  and  trypsin  inactivation.   It  is 
suggested  that  some  or  all  of  this  ouabain-like  activity  may  play  a  role  in 
the  regulation  of  (Na  +  K  ) -ATPase  in  amphibian  skin. 
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Recent  studies  demonstrating  endogenous  compounds  with  opiate  activity 
in  the  animal  kingdom  raise  the  possibility  that  other  pharmacologic  agents 
derived  from  plants  might  have  active  analogues  in  higher  species.  We  have 
sought  evidence  in  amphibian  skin  for  endogenous  molecules  with  activity  of 
cardiac  glycosides. 

Amphibian  skin  is  a  major  organ  for  regulation  of  Na"^  and  water 
homeostasis  in  these  species:   it  is  also  rich  in  (Na"*"  +  Kr'')-ATPase, 
the  molecular  mediator  of  Na  transport  across  the  skin.   This  same  (Na"*"  +  K^)- 
ATPase  is  now  known  to  be  the  pharmacologic  receptor  for  cardiac  glycosides 
and  the  consequence  of  glycoside  binding  to  this  enzyme  is  inhibition  of  both 
ATPase  activity  and  associated  ion  transport.   It  has  also  been  known  since 
the  1920 's  that  Bufonid  toads  have  a  ouabain-like  molecule  with  cardio- 
stimulatory  activity  in  the  venom  of  their  large  poison  glands  (Buf otoxin) . 
Despite  these  facts  the  presence  of  ouabain-like  activity  in  the  skin  of 
amphibians  appears  not  to  have  been  demonstrated. 

To  demonstrate  ouabain-like  activity,  three  assays  were  employed. 
Screening  was  carried  out  with  an  assay  based  on  the  ability  of  samples  to 
compete  for  ^H-ouabain  binding  to  its  receptor  [(Na"*"  +  K"*") -ATPase  ]  on  the 
human  red  blood  cell.   Further  studies  assessed  the  ability  to  inhibit 
purified  ATPase  activity  and  K^   flux  into  human  red  cells. 

Detailed  studies  were  carried  out  with  the  skin  extract  of  Bufo  marinus. 
Methanol  and  acid  ethanol  extracts  of  the  skin  both  revealed  high  levels  of 
activity  in  all  three  assays.   The  activity  is  dialyzable   and  resistant  to 
the  effects  of  boiling  and  trypsin.   If  the  activity  had  the  molecular  weight 
and  intrinsic  activity  of  ouabain,  0.01%  of  the  wet  weight  of  skin  would  be 
ouabain-like  activity.   Extracts  of  muscle  had  no  activity  over  the  same  dose 
range. 

These  studies  have  been  extended  to  a  variety  of  other  skin  extracts, 
through  collaboration  with  Dr.  J.  Daly  of  the  NIAMDD.   Ouabain-like  activity 
has  been  found  in  12  of  20  amphibian  species  tested,  in  concentrations 
ranging  over  3  logs.   It  has  been  found  in  widely  varying  species  many  of 
which  were  not  known  to  have  poisonous  secretions. 

Further  studies  will  be  needed  to  assess  a  possible  physiological  role 
for  this  activity. 

Publications : 

1.    Flier,  J.  S. :   Demonstration  of  ouabain-like  activity  in  toad  skin  and 
its  implications  for  endogenous  regulation  of  ion  transport.   Nature, 
in  press. 
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Insulin  receptors  have  been  found  in  discrete  regions  of  the  brains  of 
rodents.   The  characteristics  of  insulin  binding  in  the  central  nervous  system 
are  similar  to  receptors  in  target  cells  for  insulin.   Insulin  itselt  appears 
to  be  present  in  the  central  nervous  system. 
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Insulin  has  been  reported  to  have  direct  effects  on  the  central  nervous 
system  (CNS)  in  addition  to  indirect  effects  caused  by  hypoglycemia.   In  the    i 
present  study,  we  find  specific  binding  of  insulin  to  plasma  membranes        * 
prepared  from  sixteen  discrete  regions  of  the  central  nervous  system  of  the 
rat.   The  highest  binding  was  observed  in  olfactory  bulb  followed  by  cerebral 
cortex.   High  levels  of  binding  were  also  observed  in  hippocampus,  preoptic 
area  plus  anterior  hypothalamus,  amygdala,  septum  and  posterior  hypothalamus. 
Somewhat  lower  binding  was  bound  in  cerebellum,  striatum,  mesencephalon, 
thalamus  and  pons.   The  lowest  binding  was  observed  in  the  pituitary,  cervical 
spinal  cord,  medulla  and  retina.   The  level  of  specific  binding  (which  was 
equal  to  or  greater  than  that  observed  with  comparable  crude  membrane 
preparations  of  liver)  ranged  from  4.6  to  0.3%  of  the  total  radioactivity  per 
0.5  mg  of  membrane  and  did  not  vary  among  the  regions  studied.   The  insulin 
receptor  on  the  membranes  of  the  cerebral  cortex  was  most  extensively  studied 
and  its  affinity,  its  reactivity  with  insulin  analogues  and  insulin-like 
peptides  as  well  as  the  pH  and  temperature  dependence  of  binding  was  indis- 
tinguishable from  other  insulin  receptors,  including  those  on  classical  target 
tissues,  such  as  liver  and  fat.   Insulin  binding  was  up  to  three  times  greater 
with  gray  matter  than  with  white  matter,  but  differences  in  regional  distri- 
bution could  not  be  accounted  for  by  differences  in  content  of  white  and 
gray  matter  in  the  regions  studied.   Preparations  from  cerebral  cortex  enriched 
in  glia,  synaptosomes  and  mitochondria  all  showed  specific  binding  of  ^^^I-    ,( 
insulin,  with  somewhat  higher  binding  in  the  glia  enriched  preparation. 

-  Insulin  itself  is  present  in  the  brain.   We  found  insulin  concentrations 
in  acid-ethanol  extracts  of  the  whole  brain  which  were  on  average  25  times 
higher  than  insulin  levels  in  plasma.   Different  discrete  regions  of  the 
CNS  varied  in  their  insulin  content  and  concentrations  between  10  and  100 
times  higher  than  plasma  were  observed.   The  insulin  content  of  brain  tissue 
was  determined  by  the  radioimmunoassay  and  further  characterized  by  the 
radioreceptor  assay,  bioassay  and  chromatography.   The  concordance  of  all 
these  methods  demonstrated  that  genuine  insulin  or  an  extremely  similar  peptide 
was  present  in  the  CNS.   We  do  not  know  about  the  source  of  brain  "insulin". 
This  is  now  under  study. 
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widely  distributed  in  the  central  nervous  system  of  the  rat.  Nature 
272:  827-829,  1978. 
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125 


I-insulin  binds  to  IM-9  cells  (human)  and  hepatocytes  (rat) .   By  using 
quanitative  D4  autoradiography  as  a  probe,  it  can  be  shown  that  labeled  insulin 
is  internalized  by  a  process  which  appears  to  be  time  and  temperature-dependent. 
Labeled  epidermal  growth  factor  which  binds  to  cultured  fibroblasts  (human) 
can  also  be  shown  to  internalize  in  a  time  and  temperature  fashion. 
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This  study  was  designed  to  visualize  the  interaction  of  a  ligand  with 
a  cell  from  initial  binding  through  steady  state  binding.   In  as  much  as 
kinetic  studies  of  polypeptide  hormones  as  well  as  many  other  ligands  are  done 
with  ^^^I-labeled  material,  we  chose  quantitative  EM  autoradiography  as  our    i 
visual  probe.  " 

We  found  that  when  ^^^I-insulin  is  incubated  with  IM-9  cultured  human 
lymphocytes  that  the  labeled  material  localizes  to  the  plasma  membrane  of 
the  cell  at  low  temperatures  and  at  early  time  points.   Following  the 
initial  binding  the  labeled  ligand  is  progressively  internalized  in  a  time 
and  temperature  dependent  fashion.   The  studies  were  extended  to  the  isolated 
rat  hepatocyte  where  a  quantitatively  greater  internalization  was  seen. 
When  the  internalized  radioactivity  was  further  analyzed,  it  was  found  that 
the  labeled  material  was  preferentially  associated  with  lysosomal  structures. 

Further  studies  were  carried  out  with  the  binding  of  labeled  eqidermal 
growth  factor  (EGF)  to  cultured  human  fibroblasts;  initially  the  -^^^EGF 
localizes  to  the  plasma  membrane,  frequently  to  coated  segments  of  the  membrane. 
As  a  function  of  time  and  temperature,  the  labeled  material  is  progressively 
internalized  and  at  steady  state  about  2/3  of  the  radioactivity  is  intra- 
cellular and  1/3  related  to  the  plasma  membrane. 

When  total  cell  radioactivity  is  extracted  at  the  end  of  the  incubation 
period,  the  ligand  can  be  shown  by  several  criteria  to  be  predominantly       | 
intact. 

Taken  together,  these  data  are  consistant  with  specific  binding  of  the 
labeled  ligand  to  a  plasma  membrane  receptor  followed  by  progressive 
absorptive  pinocytosis  of  the  ligand.   The  mechanism  could  provide  a  link 
between  receptor  binding  and  the  degradation  of  the  ligand  as  well  as  loss 
of  the  specific  surface  receptor. 
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1.  Carpentier,  J.-L.,  Gbrden,  P.,  Amherdt,  M. ,  Van  Obberghen,  E. ,  Kahn, 

C.  R.  ,  and  Orci,  L.  :   -^^^I-insulin  binding  to  cultured  human  lymphocytes: 
Initial  localization  and  fate  of  hormone  determined  by  quantitative 
electromicroscopic  autoradiography.   J.  Clin.  Invest.   61:  1057,  1978. 

2.  Gorden,  P.,  Carpentier,  J.-L.,  i^reychet.  P.,  Le  Cam,  A.,  and  Orci,  L.: 
Intracellular  translocation  cf^^^I-insulin:  Direct  demonstration  in 
isolated  hepatocytes.   Science  200:  782,  1978. 

3.  Gorden,  P.,  Carpentier,  J.-L.,  Cohen,  S.,  and  Orci,  L. :   Interaction  de 
facteur  de  croissance  epidermique  avec  des  fibroblasts  humains  en 
culture:  Une  etude  autoradiographique  a  I'echeon  ultrastructur al.   C.  R. 
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The  insulin  molecule  has  several  antigenic  sites,  and  sera  from 
insulin-treated  diabetics  contain  varying  amounts  of  antibodies  with 
specificity  for  different  parts  of  the  molecule. 

In  this  study,  we  investigate  antisera  from  diabetics  for  the 
possible  presence  of  antibodies  directed  against  the  bioactive  site  of 
insulin.   Such  antibodies  might  interact  with  insulin  analogues  in  the 
same  way  as  the  insulin  receptor  does,  i.e.,  in  proportion  to  the 
biological  potency  of  the  hormone.   Competitive  binding  studies  are 
carried  out  with  antisera  from  diabetics  and  four  different  insulin 
analogues. 
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ANNUAL  REPORT  OF  THE  PEDIATRIC  METABOLISM  BRANCH 
NATIONAL  INSTITUTE  OF  ARTHRITIS,  METABOLISM  AND  DIGESTIVE  DISEASES 

During  the  past  year  investigations  of  the  genetic  disease,  cystic 
fibrosis,  have  continued.   They  have  emphasized  cyclic  nucleotides  and 
polyamines  as  well  as  clinical  studies. 

I.   BIOCHEMICAL  AND   METABOLIC  STUDIES 

Circulating  polyamines  are  abnormal  in  individuals  with  cystic 
fibrosis  as  well  as  in  blood  from  some  cancer  patients.   The  significance 
of  this  abnormality  in  CF  is  obscure,  however,  polyamines  are  the  first 
well  characterized  metabolite  of  low  molecular  weight  demonstrated  to  be 
abnormal  in  CF.   Studies  of  polyamine  biochemistry  and  physiology  are 
therefore  being  actively  pursued.   These  studies  should  enhance  our 
understanding  of  the  role  of  polyamines  in  normal  and  pathologic  physiology. 

A  New  Metabolite  in  Putrescine  Metabolism: 

14 
Chromatography  of  incubation  medium  containing  [   C]putrescine  and 

subsequently  scanning  the  sheets  with  a  radiochromatogram  strip  scanner 

revealed  that  sliced  rat  liver  converted  putrescine  to  at  least  one 

metabolite  other  than  spermidine  and  spermine.   In  order  to  provide  a  rapid 

means  of  identifying,  the  unknown(s),  incubation  medium  was  fractionated 

on  an  amino  acid  analyzer  coupled  to  a  fraction  collector.   In  contrast  to 

silica  gel  chromatography,  four  radioactive  compounds  were  separated.   In 

addition  to  [■'-^Clputrescine,  and  as  determined  with  [-'-^C]  standards,  two  of 

the  three  metabolites  cochromatographed  with  [^^C] A' -pyrroline  and 

Y-aminobutyric  acid.   However,  over  90%  of  the  radioactivity  not  existing 

as  [l^C]putrescine  eluted  with  the  void  volume.   On  the  other  hand,  acid 

hydrolysis  of  the  incubation  medium  and  then  fractionation  shifted  the  bulk 

of  radioactivity  to  an  area  in  which  y-aminobutyric  acid  elutes  from  the 

amino  acid  analyzer,  suggesting  that  the  unknown  [■'•'^C] putrescine  metabolite 

might  be  N-acetyl-y-aminobutyric  acid,  a  known  product  of  putrescine 

metabolism.   As  opposed  to  authentic  N-acetyl-y-aminobutyric  acid,  however, 

the  unknown  did  not  bind  to  the  anionic  exchange  resin  AG  1-X2  Cl~. 

14 
The  following  properties  suggested  the  [   Cjputrescine  metabolite  is 

2-pyrrolidone.   (A)  Hydrolyzing  with  6N  HCl  yields  y-aminobutyric  acid. 

(B)   The  compound  is  volatile  under  several  conditions  (e.g.,  lyophilization 

and  flash  evaporation  at  76°  under  vacuum).   (C)   It  has  little  affinity 

for  either  anionic  or  cationic  exchange  resins.   (D)   It  is  soluble  in 

water,  methanol  and  chloroform  but  not  petroleum  ether  and  (E)  at  pH  7.0  it 

absorbs  to  activated  charcoal  and  can  be  eluted  with  an  ethanolic,  water 

ammonia  solution. 

Incubation  medium  from  sliced  rat  liver  containing  putrescine  was 
subjected  to  gas  chromatography.   As  opposed  to  medium  taken  at  zero  time, 
four  hour  incubation  medium  contained  a  peak  which  had  the  same  retention 
time  as  authentic  2-pyrrolidone. 
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Identification  of  the  unknown  as  2-pyrrolidone  was  determined  by- 
repeated  crystallizations  of  commercial  2-pyrrolidone  in  the  presence  of  the 
unkno^m  [^'^Cjmetabolite.   The  specific  activity  (DPM's/gram)  of  the 
[■'-^Clputrescine  metabolite  in  the  presence  of  2-pyrrolidone  remained 
virtually  constant  after  four  extractions  and  recrystallizations  from  water. 

Kinetics  of  2-pyrrolidone  appearance  in  incubation  media  were  examined 
and  revealed  the  following:   (A)   appearance  as  a  function  of  time  was  not 
linear  but  was  characterized  by  an  initial  lag  period,  an  increase  in  rate 
which  is  then  followed  by  a  slow  decline;   (B)   the  appearance  of 
2-pyrrolidone  as  a  function  of  liver  weight  was  linear  to  100  mg  of  tissue 
per  ml  of  medium;  and  (C)   at  putrescine  concentrations  approximating 
physiological  levels  in  plasma  (10~"M)  the  appearance  of  2-pyrrolidone  as 
a  function  of  the  amount  of  putrescine  present  followed  first  order  kinetics, 
while  the  amount  of  putrescine  required  to  saturate  the  system  (i.e.,  100  mg 
of  tissue  in  1.0  ml  of  medium)  was  approximately  3  x  10"%. 

The  ability  of  various  tissues  to  synthesize  2-pyrrolidone  from 
putrescine  was  examined.   The  percent  +  S.E.  of  total  radioactivity  in  the 
initial  incubation  medium  present  as  [~^C]  2-pyrrolidone  after  four  hours 
was  13.23  +  0.28,  6.95  +  0.32  and  2.61  +  0.09  for  liver,  spleen  and  lung, 
respectively.   On  the  other  hand  [-'-^C]  2-pyrrolidone  was  not  detected  in 
incubation  medium  from  kidney,  brain,  muscle  or  heart  although  other  [I'^C] 
putrescine  metabolites  were  detected. 

The  physiological  role  of  2-pyrrolidone  remains  to  be  studied, 
nevertheless,  acid  hydrolysis  of  2-pyrrolidone  yields  y-aminobutyric  acid, 
an  important  compound  in  neurohumoral  transmission.   (Dr.  D.  Lundgren) 

II.   CYCLIC  NUCLEOTIDES  AND  THE  AUTONOMIC  NERVOUS  SYSTEM 

The  role  of  the  cyclic  nucleotides  in  exocrine  secretory  processes  is 
still  being  determined,  but  it  is  suspected  that  they  mediate  the  influence 
of  the  autonomic  nervous  system  on  the  glands  and  may  be  essential 
determinants  of  secretion.   Since  cystic  fibrosis  is  a  disorder  involving 
predominantly  the  exocrine  glands,  we  are  studying  the  physiology  and 
distribution  of  cyclic  nucleotides  in  CF,  and  their  response  in  certain 
tissues  to  a-  or  6-adrenergic  or  cholinergic  stimuli. 

1.   Isoproterenol  Stimulation  of  cAMP  in  Leukocytes  and  Fibroblasts. 
We  have  measured  the  response  of  intracellular  cAMP  to  stimulation  with 
isoproterenol  and  Prostaglandin  E]_  (PGE-,)  in  mixed  leukocytes,  granulocyte, 
mononuclear  cell,  and  cultured  skin  fibroblast  preparations.   In  all  these 
cell  systems,  basal  cAMP  and  PGE, -stimulated  cAMP  are  normal  in  the  CF 
samples,  but  isoproterenol-stimulated  cAMP  is  greatly  diminished  in  CF  cells. 
This  decreased  response  does  not  result  from  kinetic  differences  or 
differences  in  dose-response  relations  for  isoproterenol.   It  is  unrelated 
to  the  degree  of  illness,  organ  involvement,  or  drug  regimens  of  the  patients. 
In  mixed  leukocyte  preparations  from  CF  heterozygotes  the  mean  isoproterenol- 
stimulated  cAMP  is  intermediate  between  the  normal  and  CF  values. 
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From  experiments  on  the  effects  of  plasma  on  the  leukocyte  response 
to  isoproterenol,  we  conclude  that  the  deficit  in  CF  is  in  the  cells 
themselves  and  not  plasma.   Physiologic  concentrations  of  spermine, 
spermidine,  and  putrescine  do  not  alter  the  cAMP  response  in  whole  cell 
preparations. 

In  broken  cell  preparations  of  both  lymphocytes  and  granulocytes, 
adenyl  cyclase  activity  is  the  same  in  normal  and  CF  preparations.   In  the 
presence  of  guanine  nucleotides,  however,  isoproterenol-stimulated  adenyl 
cyclase  activity  is  significantly  less  in  the  CF  preparations,  and  the 

difference  appears  to  be  in  the  V    rather  than  K  or  V,  ,„  for  isoproterenol. 

max  m     1/2        ^ 

-    Quantitation  of  3-receptors  in  leukocytes  is  underway  by  the 
H-alprenolol  binding  technique. 

Studies  in  fibroblasts  have  given  preliminary  indications  that  cAMP 
production  and  its  response  to  isoproterenol  and  PGE,  are  highly  sensitive  to 
culture  conditions,  and  experiments  to  demonstrate  this  are  under  way. 
(Dr.  P.  B.  Davis,  NIAMDD) . 

2.  Plasma  electrolytes  norepinephrine  and  dopamine-6-hydroxylase  levels 
in  CF. 

Because  of  the  normal  metabolic  response  to  isoproterenol  stimulation, 
we  studied  the  sympathetic  nervous  system  by  an  established  method.   CF 
patients  had  normal  plasma  norepinephrine  in  both  the  standing  and  supine 
positions.   Plasma  dopamine-3-hydrolxylase  was  also  normal  in  CF  patients. 

In  the  course  of  these  studies,  blood  pressure  was  found  to  be 
significantly  lower  in  both  the  supine  and  standing  postures  in  CF  patients 
compared  to  controls.   Moreover,  plasma  sodium  and  chloride   were 
significantly  decreased  and  plasma  potassium  significantly  increased  in  CF 
subjects.   (Dr.  P.  B.  Davis,  NIAMDD). 

3.  Murad  et_  ad.  have  reported  abnormalities  in  cAMP  and  cGMP  excretion, 
in  CF,  compared  to  age-matched  control  (J.  Endocr.  &  Metab.  10:  552,  1975). 
We  have  determined  cAMP  and  cGMP  in  24-hour  urine  from  adult  CF  patients  and 
appropriate  controls  and  have  found  that  male  CF  patients  have  significantly 
increased  urinary  cAl-IP,  and  cGMP  unrelated  to  severity  of  illness.   For 
females,  however,  there  was  such  marked  variability  that  conclusions  were 
impossible  to  draw. 

Because  of  this  finding  we  studied  urinary  cAMP  in  three  normal  women 
around  the  menstrual  cycle  and  correlated  this  with  determinations  of 
urinary  estrogens  and  pregnandiol.   We  found  significant  variation  of  urinary 
cAMP  and  cGMP  with  the  menstrual  cycle.   (Dr.  P.  B.  Davis) 

III.   CLINICAL  INVESTIGATIONS 

1.   Adults  with  CF:   75  Patients  with  cystic  fibrosis  have  been  followed 
at  the  NIH  after  their  18th  birthday.   Pulmonary  disease  dominated  the 
clinical  picture,  meconium  ileus  equivalent  occurred  in  25%,  pancreatic 
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insufficiency  though  '  present  in  most  was  not  troublesome  and  nasal 
polyposis,  sinusites,  cirrhosis,  gallstones,  diabetes,  ajid  heat  prostration 
were  also  observed.   Therapy  required  understanding  of  the  distinctive 
pathophysiology  of  the  various  complications.   Results  were  compared  with 
those  of  232  adult  cases  reported  in  the  literature.   (Dr.  P.  diSant'  Agnese, 
P.  Davis,  NIAMDD) 

2.  Assisted  ventilation  in  CF  patients.   Of  51  episodes  of  assisted 
ventilation  in  46  CF  patients,  69%  ended  in  the  patients  death  on  the  machine. 
Only  3  patients  survived  over  1  year  after  removal  from  the  machine.   These 
poor  results  are  probably  related  to  the  natural  history  of  the  disease  and 
indicate  that  assisted  ventilation  is  likely  to  be  useful  only  in  selected 
instances  in  CF.   [Drs.  P.  Davis,  P.  di'Sant  Agnese,  NIAMDD) 

3.  Fatty-acid  metabolism  In  CF.   The  percentage  fatty-acid  composition 
of  the  various  plasma  lipid  fractions  have  been  determined  in  the  following 
patient  populations:   CF  patients  with  and  without  pancreatic  insufficiency; 
obligatory  CF  heterozygotes ;  other  patients  with  malabsorptive  disorders 
(e.g.  sprue,  pancreatectomized) ;  and  normal  controls. 

Abnormalities  of  the  fatty-acid  composition  were  only  noted  in  the 
patients  with  pancreatic  insufficiency  or  other  malabsorptive  disorders. 
Thus,  the  altered  fatty-acid  composition  of  lipid  fractions  reported  in 
patients  with  cystic  fibrosis  by  other  investigators  appears  to  be  a 
secondary  consequence  of  the  pancreatic  insufficiency  commonly  associated 
with  cystic  fibrosis  and  not  a  direct  metabolic  defect  related  to  the 
cystic  fibrosis  gene  itself. 

However,  since  the  abnormal  fatty-acid  composition  of  lipids  in  patients 
with  cystic  fibrosis  and  pancreatic  insufficiency  can  contribute  to  the 
cause  of  other  alterations  in  cell  function  and  metabolism,  additional 
therapeutic  regimens  are  being  sought  to  correct  this  abnormal  finding. 
Among  others  we  have  initiated  a  study  in  which  our  patients  are  given 
cimetidine,  an  H„  receptor  antagonist.   By  decreasing  gastric  acid 
secretion  and  decreasing  the  dilution  of  the  supplemental  pancreatic 
enzymes  it  is  anticipated  that  improved  digestion  and  absorption  of  ingested 
foods,  including  fats,  will  occur.   (Drs.  V.  Hubbard,  P.  diSant'  Agnese, 
NIAMDD;  Dr.  H.  Dunn,  VA  Hospital,  Nashville,  Tennessee). 

4.  Glucose  Intolerance  in  CF.   It  was  postulated  by  previous  studies 
in  our  branch  in  conjunction  (New  Engl.  J.  Med.  281:  451,  1969)  that  the 
glucose  intolerance  leading  at  times  to  glycosuria  in  many  of  the  patients 
with  CF  was  due  to  the  increasing  fibrosis  of  the  pancreas  leading  to 
"strangulation"  of  the  islets  and  alpha  and  beta  cell  dysfunction.   We  are 
attempting  to  define  further  the  endocrine  function  of  the  pancreas,  by 
determining  in  various  groups  insulin  and  glucogon  levels  in  response  to 
appropriate  stimuli  and  correlating  the  findings  with  age  and  pancreatic 
function.   (Dr.  V.  Hubbard,  T.  Guidotti,  P.  diSant'  Agnese,  NIAMDD; 

Dr.   Lillian  Recant,  VA  Hospital,  Washington,  D.C.) 
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5.  Bile  acid  metabolism  in  CF.   It  has  been  shown  recently  that 
untreated  children  with  CF  have  a  massively  increased  total  bile  acid 
fecal  excretion,  that  is  close  to  7  times  above  that  seen  in  a  control 
population;  far  in  excess  of  the  slight  increase  seen  in  patients  with 
celiac  disease  and  most  other  types  of  malabsorption  and  only  comparable 

to  individuals  who  have  had  ileal  resection.   The  mechanisms  responsible  for 
the  abnormally  large  bile  acid  sequestration  in  CF  remains  unknown.   The 
increased  incidence  of  cholelithiasis  in  CF  may  be  due  to  the  lithogenic 
characteristics  of  their  bile  due  to  these  fecal  losses. 

Studies  have  started  to  clarify  bile  acid  metabolism  in  this  disorder. 
Duodenal  aspirates  for  cholesterol  and  bile  acid  determinations  are  being 
obtained.   C-cholic  acid  and  H-chenodoxycholic  acid  then  are  administered 
and  blood,  urine,  stool,  and  repeat  duodenal  aspirates  are  collected  to  study 
the  metabolism  synthesis,  reabsorption  and  fecal  loss  of  bile  salts  in 
these  patients.   It  is  also  planned  to  repeat  these  studies  with  different 
dosages  of  pancreatic  extracts  in  order  to  determine  the  optimal  amount  of 
pancreatin  to  be  administered  in  order  to  avoid  side  effects  and  yet  correct 
sufficiently  the  bile  acid  fecal  loss.   In  conjunction  with  other  concurrent 
studies,  the  effect  of  cimetidine,  an  H2  receptor  antagonist,  on  bile  salt 
metabolism  is  being  investigated.   (Drs .  V.  Hubbard,  P.  diSant'  Agnese, 
NIAMDD;  Dr.  Harvey  Sharp,  NICHHD) 

6.  Vitamin  D  status  in  CF.   Although  cystic  fibrosis  patients  have 
malabsorption  of  fat-soluble  vitamins  and  deficiences  of  vitamins  A,  E 
and  K  have  been  reported,  little  attention  has  been  paid  to  vitamin  D 
status  in  these  patients.   There  has  been  a  paucity  of  reports  of  rickets 

in  CF  patients,  although  there  is  no  clear  explanation  for  this  observation. 
Vitamin  D  status  was  assessed  in  our  patients  by  determining  serum 
25-hydroxycholecalciferol  (25-OHD)  levels,  the  major  circulating  vitamin  D 
metabolite,  from  17  patients  with  proved  pancreatic  insufficiency  and  2 
patients  without  pancreatic  insufficiency  aged  6-47  years.   All  patients  with 
pancreatic  insufficiency  had  received  pancreatic  enzyme  and  multivitamin 
supplements.   All  patients  had  normal  serum  calcium  and  phosphorous  levels 
and  none  had  radiographic  evidence  of  rickets  or  osteomalacia. 

Cystic  Fibrosis        Without       Normal  Range 

Patients  with  Pancreatic 

Pancreatic  Insufficiency  Insufficiency 
(=17)         "      (N-2) 

Carotene  (ug/dl)       33   +   7  (x  +  SE)     119;  85  50-300 

Vitamin  A  (lU/dl)     130   +  15  103;  207         65-275 

25-OHD  (ng/ml)        33.6  +  60  59.3;  112.0        15-80 

The  mean  25-OHD  level  in  the  lower  range  of  normal  in  CF  patients  with 
pancreatic  insufficiency  with  vitamin  D  supplementation  is  similar  to 
findings  for  other  fat  soluble  vitamins.   Four  patients  had  levels  below 
the  normal  range,  with  1  being  undetectable.   CF  patients  without  pancreatic 
insufficiency  had  high  levels  of  25-OHD.   (Drs.  V.  Hubbard,  P.  diSant'  Agnese, 
NIAMDD;  Dr.  Philip  Farrell,  NICHHD) 
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7'.   New  antibiotic  studies.   The  ability  of  a  new  semi  synthetic 
panicillin,  azlocillin  with  excellent  in  vitro  anti-pseudomonas  activity 
is  being  evaluated  in  CF  patients  with  serious  exacerbation  of  chronic 
pseudomonas  ingestion.   (Drs .  P.  Davis,  T.  Guidotti,  V.  Hubbard, 
P.  diSant'  Agnese,  NIAMDD). 
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Project  Description: 

Obj  ectives : 

Circulating  polyamines  are  abnormal  in  individuals  with  cystic 
fibrosis  as  well  as  in  blood  from  some  cancer  patients.   The  significance 
of  this  abnormality  in  CF  is  obscure,  however,  polyamines  are  the  first 
well  characterized  metabolite  of  low  molecular  weight  demonstrated  to  be 
abnormal  in  CF.   Studies  of  polyamine  biochemistry  and  physiology  are 
therefore  being  actively  pursued.   These  studies  should  enhance  our 
understanding  of  the  role  of  polyamines  in  normal  physiology. 

Methods: 


14 
Chromatography  of  incubation  medium  containing  [   C]  putrescine  and 

subsequently  scanning  the  sheets  with  a  radiochromatogram  strip  scanner 

revealed  that  sliced  rat  liver  converted  putrescine  to  at  least  one 

metabolite  other  than  spermidine  and  spermine.   In  order  to  provide  a 

rapid  means  of  identifying  the  unknown (s)  medium  was  fractionated  on 

an  amino  acid  analyzer  coupled  to  a  fraction  collector.   In  contrast  to 

slica  gel  chromatography,  four  radioactive  compounds  were  separated.   In 

addition  to  [14c]  putrescine,  and  as  determined  with  [•'-'^C]  standards, 

two  of  the  three  metabolites  cochromatographed  with  [-'-'^C] A'-pyrroline  and 

Y-aminobutyric  acid.   However,  over  90%  of  the  radioactivity  not  existing 

as  [I'^Clputrescine  eluted  with  the  void  volume.   On  the  other  hand,  acid 

hydrolysis  of  the  incubation  medium  and  then  fractionation  shifted  the 

bulk  of  radioactivity  to  an  area  in  which  y-aminobutyric  acid  elutes  from 

the  amino  acid  analyzer,  suggesting  that  the  unknown  [l^C]putrescine 

metabolite  might  be  N-acetyl-y-aminobutyric  acid,  a  known  product  of 

putrescine  metabolism.   As  opposed  to  authentic  N-acetyl-y-aminobutyric 

acid,  however,  the  unknown  did  not  bind  to  the  anionic  exchange  resin 

AG  1-X2  Cl". 

14 
The  following  properties  suggested  the  [   C]putrescine  metabolite  is 

2-pyrrolidone.   (A)  Hydrolyzing  with  6N  HCl  yields  y-aminobutyric  acid. 

(B)  The  compound  is  volatile  under  several  conditions  (e.g.,  lyophilization 

and  flash  evaporation  at  76°  under  vacuum),   (C)  It  has  little  affinity 

for  either  anionic  or  cationic  exchange  resins.   (D)   It  is  soluble  in 

water,  methanol  and  chloroform  but  not  petroleum  ether  and  (E)  at  pH  7.0 

it  absorbs  to  activated  charcoal  and  can  be  eluted  with  an  ethanolic, 

water  ammonia  solution. 

Incubation  medium  from  sliced  rat  liver  containing  putrescine  was 
subjected  to  gas  chromatography.   As  opposed  to  medium  taken  at  zero  time, 
4-hour  incubation  medium  contained  a  peak  which  had  the  same  retention  time 
as  authentic  2-pyrrolidone. 
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Identification  of  the  unknown  as  2-pyrrolidone  was  determined  by  repeated 
crystallization  of  commercial  2-pyrrolidone  in  the  presence  of  the  unknown 
[-'-'^Clmetabolite.   The  specific  activity  (DPM's/gram)  of  the  [   C]putrescine 
metabolite  in  the  presence  of  2-pyrrolidone  remained  virtually  constant  after 
four  extractions  and  recrystallization  from  water. 

Kinetics  of  2-pyrrolidone  appearance  in  incubation  media  were  examined 
and  revealed  the  following:   (A)  appearance  as  a  function  of  time  was  not 
linear  but  was  characterized  by  an  initial  lag  period,  an  increase  in  rate 
which  is  then  followed  by  a  slow  decline;  (B)  the  appearance  of  2-pyrrolidone 
as  a  function  of  liver  weight  was  linear  to  100  mg  of  tissue  per  ml  of 
medium;  and  (C)  at  putrescine  concentrations  approximating  physiological 
levels  in  plasma  (10  M)  the  appearance  of  2-pyrrolidone  as  a  function  of  the 
amount  of  putrescine  required  to  saturate  the  system  (i.e.,  100  mg  of  tissue 
in  1.0  ml  of  medium)  was  approximately  3  x  10  M. 

The  ability  of  various  tissues  to  synthesize  2-pyrrolidone  from 
putrescine  was  examined.   The  percent  +',S.E.  of  total  radioactivity  in  the 
initial  incubation  medium  present  as  [   C]  2-pyrrolidone  after  k   hours  was 
13.23  +  0.28,  6.95  +  0.32  and  2.61  +  0.09  for  liver,  spleen  and  lung, 
respectively.   On  the  other  hand  \}-^\    2-pyrrolidone  "as  not  detected  in 
incubation  medium  from  kidney,  brain,  muscle  or  heart  although  other 
[-'-'^C] putrescine  metabolites  were  detected. 

The  physiological  role  of  2-pyrrolidone  remains  to  be  studied, 
nevertheless,  acid  hydrolysis  of  2-pyrrolidone  yeilds  y-aminobutyric  acid  an 
important  compound  in  neurohumoral  transmission. 

Significance  to  Biomedical  Research: 

The  polyamines  have  been  shown  to  be  abnormal  in  blood  and  urine  of 
cystic  fibrosis  patients  as  well  as  in  some  cancer  patients.   However,  the 
relationship  between  increased  polyamine  concentrations  and  various  diseased 
states  remains  obscure.   A  better  understanding  of  the  physiology  and 
biochemistry  of  polyamines  may  shed  light  on  the  native  of  cystic  fibrosis 
and/or  cancer. 

Publications: 

Lundgren,  D.  W.  and  Oka,  T.:   Alterations  in  polyamine  levels  in  rat  blood 
during  pregnancy  and  lactation.   Am.  J.  Physiol.  234:  (5),  E451-E456,  1978. 

Sakai,  T. ,  Lundgren,  D.  W.  and  Oka,  T. :   Polyamine  biosynthesis  and  DNA 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Cystic  fibrosis  (CF  is  a  generalized  exocrinopathy ,  whose  basic  defect  is 
still  unknown.   Studies  have  been  pursued  to  determine  the  reason  for  the 
abnormal  serum  fatty  acid  pattern  in  patients  with  CF  and  whether  it  represents 
a  primary  or  secondary  defect  in  this  disease.   Investigations  on  endocrine 
pancreatic  function  and  the  role  it  plays  in  the  disorder  have  continued  as  well 
as  studies  of  the  exocrine  function  of  this  organ.   Both  are  aimed  at  improving 
diagnostic  methods  and  therapy  of  the  malabsorption  and  glycosuria  which  are 
frequent  complications  of  CF. 

Studies  have  been  performed  in  75  adult  patients  with  this  disease  as  well 
as  in  232  from  the  literature  of  the  incidence  and  manifest  values  of  various 
complications  which  are  significantly  different  from  those  of  children  and  give 
rise  at  times  t6  serious  and  at  times  emergent  diagnostic  and  therapeutic 
problems . 

From  patients  at  NIH  as  well  as  those  gathered  from  various  other  CF  cente 

throughout  the  country  guidelines  have  been  established  for  the  use  of  assisted 

ventilation  in  all  age  groups  in  patients  with  CF. 
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Project  Description: 


Clarify  the  significance,  incidence  diagnosis,  and  therapy  of  various 
complications  of  CF  in  various  age  groups  through  various  clinical  studies, 
including  the  use  of  experimental  diagnostic  and  antibiotic  agents. 

Objectives : 

1.  75  Adult  patients  with  cystic  fibrosis  have  been  followed  at  the  NIH 
after  their  18th  birthday.   Pulmonary  disease  dominated  the  clinical  picture, 
meconium  ileus  equivalent  occurred  in  25%,  pancreatic  insufficiency  though 
present  in  most  was  not  troublesome  and  nasal  polyposis,  sinusites,  cirrhosis, 
gallstones,  diabetes,  and  heat  prostration  were  also  observed.   Therapy 
required  understanding  of  the  distinctive  pathophysiology  of  the  various 
complications.   Results  are  compared  with  those  of  232  adult  CF  cases 
reported  in  the  literature. 

2.  Assisted  ventilation  of  CF  patients.   Of  51  episodes  of  assisted 
ventilation  in  46  CF  patients,  69%  ended  in  the  patients  death  on  the  machine. 
Only  3  patients  survived  over  1  year  after  removal  from  the  machine.   These 
poor  results  are  probably  related  to  the  natural  history  of  the  disease  and 
indicate  that  assisted  ventilation  is  likely  to  be  useful  only  in  selected 
instances  in  CF. 

3.  Fatty-acid  metabolism  in  CF.   The  percentage  fatty-acid  composition 
of  the  various  plasma  lipid  fractions  have  been  determined  in  the  following 
patient  populations.   CF  patients  with  and  without  pancreatic  insufficiency,  - 
obligatory  CF  heterozygotes ,  other  patients  with  malabsorptive  disorders 
(e.g.,  sprue,  pancreatectomized)  and  normal  controls. 

Abnormalities  of  the  fatty-acid  composition  were  only  noted  in  the 
patients  with  pancreatic  insufficiency  of  other  malabsorptive  disorders.   Thus, 
the  altered  fatty-acid  composition  of  lipid  fractions  reported  in  patients 
with  cystic  fibrosis  by  other  investigators  appears  to  be  a  secondary 
consequence  of  the  pancreatic  insufficiency  commonly  associated  with  cystic 
fibrosis  and  not  a  direct  metabolic  defect  related  to  the  cystic  fibrosis 
gene  itself. 

Since  the  abnormal  fatty-acid  composition  of  lipids  in  patients  with 
cystic  fibrosis  and  pancreatic  insufficiency  can  contribute  to  the  cause 
of  other  alterations  in  cell  function  and  metabolism,  additional  therapeutic 
regimens  are  being  sought  to  correct  this  abnormal  finding. 

4.  Glucose  Intolerance  in  CF.   It  was  postulated  by  previous  studies  in 
our  branch  in  conjunction  with  the  CE,  NIAMDD  (New  Engl.  J.  Med.  281:  451, 
1969)  that  the  glucose  intolerance  leading  at  times  to  glycosuria  in  many  of 
the  patients  with  CF  was  due  to  the  increasing  fibrosis  of  the  pancreas 
leading  to  "strangulation"  of  the  islets  and  a  and  6  cell  dysfunction. 

We  are  attempting  to  define  further  the  endocrine  function  of 
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the  pancreas,  by  determining  in  various  groups  insulin  and  glucagon  levels 
in  response  to  appropriate  stimuli  and  correlating  the  findings  with  age 
and  pancreatic  function.   Among  others,  we  have  initiated  a  study  in  which 
our  patients  are  given  cimetidine,  an  H^  receptor  antagonist.   By  decreasing 
gastric  acid  secretion  and  decreasing  the  dilution  of  the  supplemental 
pancreatic  enzymes.   It  is  anticipated  that  improved  digestion  and  absorption 
of  ingested  foods,  including  fats,  will  occur. 

5.   Gallstones  and  Bile  Acids  Metabolism  in  CF:   Recent  reports  have 
shown  a  significant  incidence  of  gallstones  in  CF  patients.   A  40%  incidence 
of  abnormal  GB  studies  reported  in  patients  with  CF  and  it  is  thought  that 
the  incidence  increases  markedly  with  age.   Also,  evaluation  of  the  GB 
sometimes  indicates  the  cause  of  abdominal  pain  in  CF  patients.   Accordingly, 
we  studied  all  CF  patients  over  14  years  of  age  in  our  clinic.   Results  of 
oral  cholecystograms  in  31  CF  patients  are  summarized. 

Patient  Age  (year) 


f 


X-ray  Evaluation 

14-17 

18-20 

21-47 

Total 

Normal 

5  (83%) 

6  (75%) 

11  (65%) 

22  (71%) 

Abnormal 

1  (17%) 

2  (25%) 

6  (35%) 

9  (29%) 

Nonvisualization 

1 

1 

5 

7  (23%) 

Calculi 

0 

1 

1 

2  (6%) 

Ultrasonograms  are  two-dimensional  laminographic  images  which  do  not 
depend  on  the  function  of  the  organ  being  examined  and,  therefore  are  useful 
in  patients  with  nonvisualization  of  the  GB  who  underwent  ultrasonography.   The 
GB  remained  undetectable  in  4  and  was  smaller  than  normal  (3x1  cm)  in  2. 
No  calculi  were  seen  on  ultrasound  in  patients  with  nonvisualization  on 
oral  cholecystography,  however  calculi  were  identifiable  by  ultrasonography 
in  patients  known  to  have  cholelithiasis.   Our  results  indicate  that 
although  the  incidence  of  abnormal  GB  studies  increases  slightly  with  age, 
the  older  CF  patient  does  not  have  as  significantly  increased  risk  of  GB 
disease  as  previously  suspected.   Also,  ultrasonography  may  be  a  useful  tool 
in  the  evaluation  of  the  CF  patient  who  presents  with  abdominal  pain  of 
unknown  etiology,  especially  in  the  right  upper  quadrant. 

It  has  also  been  shown  recently  that  untreated  children  with  CF  have  a 
massively  increased  total  bile  acid  fecal  excretion,  that  is  close  to  7  times 
above  that  seen  in  a  control  population;  far  in  excess  of  the  slight  increase 
seen  in  patients  with  celiac  disease  and  most  other  types  of  malabosrption 
and  only  comparable  to  individuals  who  have  had  ileal  resection.   The 
mechanisms  responsible  for  the  abnormally  large  bile  acid  sequestration  in     i 
CF  remains  unknown.   In  preliminary  studies  of  bile  salt  kinetics  by  stable    ' 
isotope  dilution  techniques  bile  salt  synthesis  appears  to  be  markedly 
elevated  in  untreated  patients  with  CF  and  pancreatic  deficiency.   However, 
this  increase  may  be  insufficient  to  maintain  the  bile  acid  pool  size. 
Administration  of  pancreatic  enzyme  supplements  is  apparently  effective  in 
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cutting  these  fecal  losses.   However,  large  dosages  of  enzyme  supplements 
have  been  reported  to  produce  hyperurlcosuria  and  possible  renal 
interstitial  fibrosis;  therefore  indiscriminately  large  amounts  of 
pancreatic  '=^r^■7^^ne   suoolements  should  not  be  given. 

Studies  have  started  to  clarify  bile  acid  metabolism  in  this  disorder. 
Duodenal  aspirates  for  cholesterol  and  bile  acid  determinations  are  being 
obtained-   C-cholic  acid  and  H-chenodoxycholic  acid  then  are  administered 
and  blood  urine,  stool,  and  repeat  duodenal  aspirates  are  collected  to  study 
the  metabolism  synthesis,  reabsorption  and  fecal  loss  of  bile  salts  in  these 
patients.   It  is  also  planned  to  repeat  these  studies  with  different  dosages 
of  pancreatic  extracts  in  order  to  determine  the  optimal  amount  of 
pancreatin  to  be  administered  in  order  to  avoid  side  effects  and  yet  correct 
sufficiently  the  bile  acid  fecal  loss.   In  conjunction  with  other  concurrent 
studies,  the  effect  of  cimetidine,  an  H^  receptor  antagonist,  on  bile  salt 
metabolism  is  being  investigated. 

It  is  thus  hoped  to  clarify  not  only  the  bile  acid  metabolism  in  CF 
but  also  the  significantly  increased  incidence  of  gallstones  in  this 
disorder.   Many  of  the  stones  in  patients  with  CF  are  cholesterol,  althorgh 
bilirubin  stones  have  been  seen.   Cholesterol  is  solubilized  via 
incorporation  into  aqueous  micelles  of  bile  acid  and  lecithin.   When 
cholesterol  is  not  dissolved,  the  bile  becomes  super-saturated  and 
cholesterol  crystals  are  formed.   These  crystals  accumulate  around  other 
bile  substances  to  form  gallstones.  They  decrease  in  cholesterol  and 
induce  stone  formation. 

7.   Vitamin  D  Status  in  CF:   Although  cystic  fibrosis  patients  have 
malabsorption  of  fat-soluble  vitamins  and  deficiencies  of  vitamins  A,  E 
and  K  have  been  reported,  little  attention  has  been  paid  to  vitamin  D 
status  in  these  patients.   There  has  been  a  paucity  of  reports  of  rickets 
in  CF  patients,  although  there  is  no  clear  explanation  for  this  observation. 
Vitamin  D  status  was  assessed  in  our  patients  by  determining  serum 
25-hydroxycholecalciferol  (25-OHD)  levels,  the  major  circulating  vitamin  D 
metabolite,  from  17  patients  with  proved  pancreatic  insufficiency  and 
2  patients  without  pancreatic  insufficiency  aged  6-47  years.   All  patients 
with  pancreatic  insufficiency  had  received  pancreatic  enzyme  and  multi- 
vitamin supplements.   All  patients  had  normal  serum  calcium  and  phosphorous 
levels  and  none  had  radiographic  evidence  of  rickets  or  osteomalacia. 


Carotene  (ug/dl) 
Vitamin  A  (lU/dl) 
25-OHD  (ng/ml) 


Cystic  Fibrosis 

Without 

Normal  Ra 

Patients  with 

Pancreatic 

Pancreatic  Insufficiency 

Insufficiency 

(N=17) 

(N-2) 

33 

+ 

7  (x  +  SE) 

119;  85 

50-300 

130 

+ 

15 

103;  207 

65-275 

33.6 

+ 

60 

59.3;  112.0 

15-80 
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Behavioral  Studies  in  CF: 


€ 


Children  with  CF  and  their  healthy  siblings  were  chosen  to  participate 
in  the  psychological  testing  to  serve  as  a  control  group  for  leukemic 
children  receiving  intra-techal  methotrexate  and  a  series  of  intra-cranial 
irradiations.   The  purpose  of  this  control  group  is  to  deteirmlne  whether 
having  a  chronic  life  threatening  illness  without  receiving  CNS  treatment 
(as  in  the  case  of  the  leukemics)  is  sufficient  basis  for  changes  in 
intellectual,  cognitive  and  perceptual  function. 

Although  these  studies  are  ongoing,  results  of  testing  performed  on 
15CF  patients  so  far  have  not  revealed  any  significant  difference  in  the 
scores  from  those  of  their  healthy  siblings. 

9.   New  Antibiotic  Studies: 

Azlocillin  therapy  of  pseudomonas  aaeruginosa  injection  in  CF.   The 
ability  of  a  new  penicillin,  azlocillin  with  excellent  in  vitro 
anti-pseudomonas  activity  is  being  evaluated  in  CF  patients  with  serious 
exacerbation  by  chronic  pseudomonas  injection. 

Significance  to  Biomedical  Research: 

Clarifying  the  basic  hereditary  defect  in  CF  the  most  frequent  semi-letha, 
genetic  disease  in  this  country  (five  times  more  common  in  the  general 
population  than  sickle  cell  anemia) . 

Defining  and  improving  the  diagnostic  and  therapeutic  approach  to  the 
many  complications,  at  times  emergent  in  nature,  in  young  adults  with  CF. 
Little  was  known  until  recently  about  patients  in  this  age  group,  who 
present  many  different  clinical  problems  from  those  of  children  with  the 
same  disorder. 

Outlining  for  the  first  time  guidelines  for  assisted  ventilation  in 
CF  patients  of  all  age  groups,  a  therapeutic  modality  which  raises  not 
only  management  problems,  but  many  moral  and  ethical  questions  as  well. 

Publications : 

Hubbard,  V.S.,  diSant'  Agnese,  P.  A.,  and  Wolff,  R.O.:   Pancreatitis  in 
children.   J.  Pediatr.  92:  685-686,  1978. 

Hubbard,  V.S.,   Dunn,  G.  D.,   and  diSant '  Agnese,  P.  A.:   Abnormal  fatty-acid  wt 
composition  of  plasma-lipids  in  cystic  fibrosis:   A  primary  or  a  secondary     ^^ 
defect?   Lancet  ii,  1302-1304,  1977. 

Davis,  P.  B.  and  diSant'  Agnese,  P.  A.:   Assisted  ventilation  for  patients 
with  cystic  fibrosis.  J.  Am.  Med.  Asso.  239:  1851-1854 ,.  .1978. 
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Hubbard,  V.  S.,  Farrell,  P.  M.  and  diSant'  Agnese,  P.  A.:   25-Hydroxy- 
cholecalciferol  levels  in  patients  with  cystic  fibrosis.   J.  Pediat. 
in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Cystic  Fibrosis  (CF)  is  a  disorder  primarily  involving  the  exocrine  glands, 
and  we  are  studying  cyclic  nucleotides,  which  may  regulate  secretion  in  CF. 
Present  topics  are:  (1)  the  concentration  and  distribution  of  cyclic  AMP  and 
cyclic  GMP  in  normal  and  CF  body  fluids,  (2)  the  response  of  cyclic  AMP  to 
g-receptor  stimulation  in  normal  and  CF  lymphocytes  and  fibroblasts,  (3) 
the  response  of  cyclic  GMP  to  stimulation  of  the  cholinergic  receptor  in 
several  systems,  (4)  levels  and  response  of  physiologic  stimuli  of  circulating 
norepinephrine,  epinephrine,  and  dopaminehydroxylase,  measures  of  sympathetic 
nervous  system  activity  in  CF,  and  (5)  measurement  of  number  and  binding 
affinity  of  3-receptors  in  CF  tissues. 
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Project  Description: 

Objectives 

The  role  of  the  cyclic  nucleotides  in  exocrine  secretory  processes  is 
still  being  determined,  but  it  is  suspected  that  they  mediate  the  influence 
of  the  autonomic  nervous  system  on  the  glands  and  may  be  essential 
determinants  of  secretion.   Since  cystic  fibrosis  is  a  disorder  involving 
predominantly  the  exocrine  glands,  we  are  studying  the  physiology  and 
distribution  of  cyclic  nucleotides  in  CF,  and  their  response  in  certain 
tissues  to  a-  or  3-adrenergic  or  cholinergic  stimuli. 

1.  Isoproterenol  stimulation  of  cAMP  in  leukocytes  and  fibroblasts. 
We  have  measured  the  response  of  intracellular  cAMP  to  stimulation  with 
isoproterenol  and  Prostaglandin  E   (PGE^ )  in  mixed  leukocytes,  granulocyte, 
mononuclear  cell,  and  cultured  skm  fibroblast  preparations.   In  all  these 
cell  systems,  basal  cAMP  and  PGE  -stimulated  cAMP  are  normal  in  the  CF 
samples,  but  isoproterenol-stimulated  cAMP  is  greatly  diminished  in  CF  cells. 
This  decreased  response  does  not  result  from  kinetic  differences  or 
differences  in  dose-response  relations  for  isoproterenol.   It  is  unrelated 

to  the  degree  of  illness,  organ  involvement,  or  drug  regimens  of  the  patients. 
In  mixed  leukocyte  preparations  from  CF  heterozygotes  the  mean  isoproterenol- 
stimulated  cAMP  is  intermediate  between  the  normal  and  CF  values. 

From  experiments  on  the  effects  of  plasma  on  the  leukocyte  response 
to  isoproterenol,  we  conclude  that  the  deficit  in  CF  is  in  the  cells 
themselves  and  not  plasma.   Physiologic  concentrations  of  spermine, 
spermidine  and  putrescine  do  not  alter  the  cAMP  response  in  isolate  cell 
preparations. 

In  broken  cell  preparations  of  both  lymphocytes  and  granulocytes,  adenyl 

cyclase  activity  is  the  same  in  normal  and  CF  preparations.   In  the  presence 

of  guanine  nucleotides,  however,  isoproterenol-stimulated  adenyl  cyclase 

activity  is  significantly  less  in  the  CF  preparations,  and  the  difference 

appears  to  be  in  the  V    rather  than  K  or  V, ,„     for  isoproterenol. 

max  m     1/2  max 

V  3 

Quantitation  of  3-receptors  in  leukocytes  is  underway  by  the  H- 

alprenolol  binding  technique. 

Studies  in  fibroblasts  have  given  preliminary  indications  that  cAMP 
production  and  its  response  to  isoproterenol  and  PGE,  are  highly  sensitive 
to  culture  conditions,  and  experiments  to  demonstrate  this  are  under  way. 

2.  Plasma  electrolysis  norepinephrine  and  dopamine- 3-hydroxylase 
levels  in  CF. 

Because  of  the  normal  metabolic  response  to  isoproterenol  stimulation, 
we  studied  the  sympathetic  nervous  system  by  an  established  method.   CF 
patients  had  normal  plasma  norepinephrine  in  both  the  standing  and  supine 
positions.   Plasma  dopamine-g-hydrolxylase  was  also  normal  in  CF  patients. 
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In  the  course  of  these  studies,  blood  pressure  was  found  to  be 
significantly  lower  in  both  the  supine  and  standing  postures  in  CF  patients 
compared  to  controls.   Moreover,  plasma  sodium  and  chloride  were 
significantly  decreased  and  plasma  potassium  significantly  increased  in 
CF  subjects. 

3.   Cyclic  AMP  and  cyclic  GMP  in  urine. 

Murad  e_t  al.  have  reported  abnormalities  in  cAMP  and  cGMP  excretion, 
in  CF,  compared  to  age-matched  control  (J.  Endocr.  &  Metab.  1^:552,  1975). 
We  have  determined  cAMP  and  cGMP  in  24-hour  urine  from  adult  CF  patients 
and  appropriate  controls  and  have  found  that  male  CF  patients  have 
significantly  increased  urinary  cAMP ,  and  cGMP  unrelated  to  severity  of 
illness.   For  females,  however,  there  was  such  marked  variability  that 
conclusions  were  impossible  to  draw. 

Because  of  this  finding  we  studied  urinary  cAMP  in  three  normal 
women  around  the  menstrual  cycle  and  correlated  this  with  determinations 
of  urinary  estrogens  and  pregnandiol.   We  found  significant  variation  of 
urinary  cAMP  and   cGMP  with  the  menstrual  cycle. 

Significance  to  Bio-Medical  Research: 

The  process  of  secretion  is  only  now  being  elucidated  and  since 
cystic  fibrosis  is  a  disorder  predominantly  of  secretory  glands,  it  is 
important  to  study  the  various  parts  of  the  process  to  define  any  possible  - 
abnormality. 

These  findings  of  decreased  cAMP  response  to  isoproterenol  in  both 
leukocytes  and  fibroblasts  from  CF  homo-  and  heterozygotes  are  the  first 
clear  suggestions  of  a  subtle  defect  in  the  autonomic  nervous  system  or 
the  metabolic  responses  to  it  in  this  disorder. 

Publications: 
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Davis,  P.  B.  ,  Braunstein,  M.  and  Jay,  C:   Decreased  adenosine  3',5'- 
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ANNUAL  REPORT  SUMMARY 
CLINICAL  HEMATOLOGY  BRANCH 

I .  Study  of  Blood  Coagulation  and  Diseases  of  Hemorrhage  and  Thrombosis 

A.  Relative  Effectiveness  of  Aspirin  on  Prostaglandin  Modulation  of 
Platelet  Aggregation  and  Coronary  Blood  Flow 

Platelet  aggregation  might  be  the  initiating  event  in  forma- 
tion of  atherosclerotic  plaques  and  is  responsible  for  platelet 
plugs,  which  may  compromise  coronary  circulation  and  cause  ischemic 
heart  disease.  Aspirin,  an  inhibitor  of  platelet  aggregation,  is 
currently  undergoing  large  scale  clinical  trials  for  prevention  of 
ischemic  heart  disease.  Since  aspirin  blocks  the  first  step  of 
prostaglandin  synthesis,  it  might  also  inhibit  prostagl andin- 
mediated  coronary  vasodilation  and  the  beneficial  action  of  platelet 
inhibition  might  thereby  be  offset.  The  relative  sensitivity  of 
platelet  aggregation  and  coronary  vasodilation  to  aspirin  inhibition 
is  not  known.  We  therefore  investigated  the  relative  sensitivity 
of  ADP-induced  platelet  aggregation  and  arachidonic  acid-induced 
increments  in  coronary  blood  flow  to  inhibition  by  aspirin.  These 
experiments  were  performed  in  dogs  by  simultaneously  measuring  the 
effects  of  a  range  of  aspirin  doses  from  0.3  to  3.0  mg/kg  on 
platelet  function  and  on  blood  flow  induced  by  intracoronary  injec- 
tions of  arachidonic  acid.  Inhibition  of  platelet  aggregation  and 
arachidonic  acid  induced  increases  in  coronary  blood  flow  showed 
the  same  sensitivity  to  aspirin  with  respect  to  threshold  inhibitory 
dose  and  maximum  effect.  There  appears  to  be  no  dose  of  aspirin 
that  selectively  blocks  platelet  function  without  concomitantly 
blocking  coronary  blood  flow.  These  studies  indicate  that  aspirin 
may  not  be  the  optimal  drug  for  use  in  prevention  of  ischemic  heart 
disease  and  we  have,  therefore,  explored  other  drugs  as  potentially 
more  effective  for  prophylactic  treatment  of  this  disorder  (see 
Item  B). 

B.  Mechanism  of  Action  of  a  New  Class  of  Drugs  (Including 
Sulfinpyrazone)  as  Platelet  Inhibitors  and  Their  Effects  on 
Coronary  Vasodilation 

Release  of  the  contents  of  platelet  granules  following 
stimulation  by  aggregating  agents  such  as  thrombin,  collagen, 
or  ADP  is  analogous  to  the  process  of  exocytosis  by  which  many 
other  secretory  cells  release  hormones  or  mediators  from  intra- 
cellular granules.  Exocytosis  is  accompanied  by  a  number  of 
biochemical  events.  In  the  case  of  platelets  there  is  flux  in 
cyclic  nucleotide  metabolism,  glycolysis,  oxidative  processes, 
protein  phosphorylation  and  formation  of  endoperoxides  but 
information  to  date  does  not  implicate  any  one  biochemical  event 
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as  the  overriding  basis  for  release.  In  fact,  each  of  the  biochem-   ^ 
ical  events  can  be  dissociated  from  the  final  release  reaction 
which  is  not  necessarily  an  energy-driven  process.  Our  recent 
studies  indicate  that  platelet  release  is  dependent  on  osmotic 
rupture  of  granules  following  anionic  transport  (see  Section  III). 
Since  the  process  is  inhibited  by  anion  transport  blockers,  it  was 
of  interest  to  study  the  effect  of  these  drugs  which  include        M^ 
sulfinpyrazone,  a  uric  cosuric  agent,  thyrosmide,  a  diuretic,       ^ 
and  ibuprofen,  a  nonsteroidal  anti-inflammatory  agent,  as  inhibitors 
of  platelet  release  and  to  compare  their  relative  effectiveness  as 
inhibitors  of  coronary  vasodilation.  Our  studies  have  concerned 
chiefly  the  drug  sulfinpyrazone  because  it  is  currently  being 
evaluated  in  a  large  clinical  trial  for  efficacy  in  preventing 
cardiac  death  after  myocardial  infarction  although  its  mechanism 
of  action  is  not  known.  Using  techniques  outlined  in  Section  III 
we  found  that  sulfinpyrazone  suppresses  platelet  function  by 
competitive  blockade  of  anion  transport.  We  assessed  the  relative 
effectiveness  of  sul finpyraone  on  inhibition  of  platelet  aggregation 
and  coronary  vascular  response  as  described  above  in  the  case  of 
aspirin.  As  in  the  case  of  aspirin,  sulfinpyrazone  doses  inhibiting 
platelet  function  also  produced  comparable  inhibition  of  coronary 
vasodilation.  Although  the  net  effect  of  sulfinpyrazone  in 
coronary  artery  disease  may  be  beneficial  as  judged  by  results  of 
clinical  trials,  this  beneficial  effect  does  not  appear  to  be  due 
to  selective  inhibition  of  platelet  function.  However,  awareness 
of  the  mechanism  of  action  of  sulfinpyrazone  (and  other  drugs  with    A' 
similar  function)  as  inhibitors  of  anion  transport  may  lead  to      ^ 
development  or  selection  of  more  adequate  agents  for  suppressing 
platelet  activity  without  concurrent  effects  on  coronary  vasodilation. 

Platelet  Function  in  Diabetes  -  Correlation  of  Diabetes  with 
Elevated  von  Willebrand  Factor 

One  of  the  major  complications  of  diabetes  is  occlusive 
vascular  disease  caused  by  arteriosclerosis  and  thrombosis.  It  has 
been  suggested  that  platelets  may  initiate  the  vascular  abnormalities 
in  diabetes  by  an  increased  tendency  to  aggregate.  In  a  series  of 
patients  with  diabetes  and  matched  normal  controls  we  studied  the 
quantitative  response  of  platelets  to  the  aggregating  agent  ADP  and 
found,  in  contrast  to  reports  in  the  literature,  that  response  of 
platelets  from  patients  with  diabetes  did  not  differ  from  that  of 
normal  controls.  Our  studies  differed  from  others  in  that  tests 
were  performed  within  two  hours  after  blood  was  drawn  and  appropriate 
measures  were  taken  to  prevent  changes  in  plasma  pH.  In  looking 
at  other  factors  involved  in  platelet  aggregation,  we  found  that     a 
diabetics  had  a  significantly  higher  level  of  von  Willebrand  factor   ■ 
which  is  a  plasma  protein  that  promotes  platelet  aggregation  by  the 
antibiotic,  ristocetin.  The  highly  significant  difference  in  levels 
of  von  Willebrand  factor  between  diabetics  and  controls  may  be  a 
significant  factor  in  development  of  vascular  abnormalities  or  may 
be  a  nonspecific  accompaniment  of  this  disease.  Other  studies  are 
underway  to  differentiate  the  possibilities. 
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D.  Molecular  Characteristics  of  the  Factor  VIII  -  von  Willebrand 
Factor  (f  Vlll/vWf)  Complex 

With  our  new  method  of  purifying  the  Factor  VIII  -  von 
Willebrand  Factor  complex  (f  Vlll/vWf)  directly  from  plasma  by  the 
use  of  controlled  pore  glass  columns  (see  last  year's  report),  we 
have  been  able  to  obtain  for  the  first  time  relatively  large  amounts 
of  the  complex  to  study  its  molecular  characteristics.  We  found 
that  the  f  VIII  and  vWf  activities  could  be  separated  by  simply 
increasing  ionic  strength  during  the  column  separation  process,  vWf 
retaining  its  high  molecular  weight  characteristics  {>  2,000,000  MW) 
while  f  VIII  separated  as  a  relatively  small  molecule  (300,000  MVi). 
Rabbits  were  injected  with  each  component  of  the  complex  but 
antibodies  formed  only  against  vWf;  f  VIII  would  not  elicit  anti- 
bodies. In  contrast,  antibodies  arising  in  patients  as  a  result  of 
treating  hemophilics  with  f  VIII  or  in  spontaneously  occurring 
acquired  hemophilia  reacted  specifically  only  with  f  VIII.  Thus 
on  the  basis  of  molecular  weight  determinations  and  immunologic 
specificity,  vWf  and  f  VIII  could  be  identified  as  separate  molecules. 
This  is  the  first  demonstration  of  a  clear-cut  difference  in  the 
components  of  the  complex.  Up  to  now  the  two  activities  have  been 
considered  functions  of  a  single  molecule  which  supposedly  had  both 
procoagulant  (f  VIII)  and  ristocetin  aggregating  (vWf)  activities. 
It  appears  from  our  studies  that  most  likely  there  are  two  distinct 
molecules  which  associate  with  each  other  under  conditions  of 
physiologic  ionic  strength  but  are  clearly  separable  by  the 
purification  procedures  we  developed. 

E.  Failure  of  Therapy  With  Inhibitors  of  Platelet  Function  to  Prevent 
Thrombosis  in  Homocystinuria 

Patients  with  homocystinuria  due  to  cystathionine  synthase 
deficiency  are  prone  to  thromboembolic  disorders.  Despite  this, 
we  found  that  platelet  survival  in  six  patients  with  this  disease 
was  normal  although  other  reports  in  the  literature  suggest  that 
platelet  survival  is  shortened.  Patients  with  this  disorder  have 
been  treated  with  the  platelet  inhibitors,  dipyridamole  and  aspirin 
as  prophylaxis  although  our  studies  suggested  that  anticoagulant 
therapy  directed  at  clotting  factors  rather  than  platelets  might 
be  more  effective.  In  the  past  year  one  of  the  patient's  that  we 
had  followed  developed  thrombophlebitis  and  pulmonary  embolism 
while  receiving  currently  accepted  treatment  with  dipyridamole  and 
aspirin.  Since  there  are  no  reports  of  homocystinemic  patients 
having  vascular  accidents  while  receiving  agents  which  suppress 
platelet  function,  this  patient's  experience  is  important  for  it 
indicates  that  some  homocystinemic  patients  may  have  serious 
vascular  complications  despite  treatment  which  is  considered 
adequate.  We  have  suggested  on  this  basis  that  such  patients  may 
require  long  term  maintenance  on  Coumadin  or  related  compounds. 
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II .  study  of  Immunology  of  Blood  Cell  Deficiencies 

A.  Experimental  Therapy  of  Thrombocytopenia  Caused  by  Immune-Complexes 

On  the  basis  of  our  studies  of  the  pathophysiology  and 
haptene  chemistry  of  the  two  clinical  syndromes  -  drug  purpura 
and  post-transfusion  purpura  -  we  concluded  in  the  past  that  both 
diseases  were  caused  by  absorption  of  antigen-antibody  complexes 
on  to  platelets  and  that  destruction  of  platelets  were  destroyed 
by  the  secondary  phenomena  of  complement  fixation  and/or  splenic 
and  hepatic  sequestration.  We  proposed  plasmapheresis  as  the  most 
reasonable  treatment  to  remove  circulating  complexes  from  the 
blood.  With  the  advent  of  commercial  equipment  that  facilitates 
plasma  exchange,  such  treatment  can  be  accomplished  rapidly  and 
without  risk  to  the  patient.  In  the  past  year  we  have  seen  two 
patients  with  post-transfusion  purpura  and  one  with  quinidine 
purpura  at  the  vary  on  set  of  thrombocytopenia  prior  to  development 
of  purpuric  lesions.  All  patients  had  h-igh  titered  complement 
fixing  antibodies  accounting  for  the  thrombocytopenia.  In  each 
instance  plasma  exchange  transfusion  was  effected  immediately  and 
the  patients  had  rapid  return  of  platelets  without  hemorrhagic 
complications,  in  the  face  of  persistent  (although  diminished) 
levels  of  free  antibody.  These  cases  firmly  establish  the  efficacy 
of  plasmic  exchange  in  the  treatment  of  haptene  mediated  immune- 
complex  disease  and  suggest  that  this  treatment  may  be  appropriate 
in  disorders  of  more  obscure  immune  etiology. 

B.  Influence  of  Feto-Maternal  ABO  Compatibility  on  Isoimmune 
Neonatal  Purpura 

Isoimmune  neonatal  thrombocytopenia  is  an  uncommon  form  of 
infantile  purpura  caused  by  feto-maternal  platelet  incompatibility 
mainly  in  the  Pl^^  antigen  system  which  we  have  described.  The 
true  incidence  of  the  disease  is  unknown  but  is  less  than  expected 
on  the  basis  of  frequency  of  feto-maternal  mismatch,  because 
approximately  2.5?i  of  the  population  is  Pl^'-negative.  Because 
erythrocyte  ABO  incompatibility  between  mother  and  child  appears 
to  be  protective  against  development  of  erythroblastosis  caused  by 
anti-Rh,  we  analyzed  26  families  with  serologically  documented 
isoimmune  neonatal  thrombocytopenia  for  maternal -fetal  ABO  compati- 
bility. In  all  families  mother  and  child  were  ABO  compatible.  It 
appears  that  ABO  compatibility  is  a  prerequisite  for  the  develop- 
ment of  isoimmune  neonatal  thrombocytopenia;  or,  conversely, 
ABO  incompatibility  provides  a  protective  effect.  These  findings 
would  suggest  that  ABO  antigens  may  be  present  on  platelets,  but 
serologic  tests  done  in  attempts  to  demonstrate  this  by  us  and  a 
number  of  other  investigators  have  not  been  conclusive.  Alternate 
possibilities  are  that  soluble  ABO  antigens  may  absorb  on  platelets 
or  that  destruction  of  incompatible  erythrocytes  entering  the 
maternal  circulation  may  lead  to  simultaneous  platelet  destruction. 
Further  work  is  indicated  to  define  the  relationship  between  ABO 
groups  and  platelet  survival. 
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C.  Heparin  Thrombocytopenia 

Thrombocytopenia  developing  during  heparin  therapy  is  a 
common  occurrence.  There  are  several  reports  in  the  literature 
suggesting  that  heparin  thrombocytopenia  is  an  immunologically 
mediated  phenomenon  consequent  to  development  of  anti-heparin 
antibodies  that  absorb  onto  platelets  in  the  presence  of  heparin. 
The  immunologic  tests  performed  in  these  studies  include  comple- 
ment fixation,  platelet  aggregation,  and  platelet  serotonin 
release  techniques  that  were  developed  in  this  laboratory.  In 
association  with  Drs.  Alving  and  Bell  from  Johns  Hopkins,  we 
performed  these  immunologic  tests  on  samples  collected  in  a 
prospective  study  of  patients  treated  with  conventional  doses 
of  beef  lung  heparin.  Plasma  available  on  eight  patients  who 
developed  thrombocytopenia  (of  52  treated  patients)  contained  no 
demonstrable  antibodies  by  complement  fixation  or  aggregation 
tests.  Plasma  from  only  one  patient  caused  increased  serotonin 
release  in  the  presence  of  heparin,  but  the  control  plasma  prior 
to  heparin  therapy  also  released  serotonin.  The  negative  tests 
for  heparin-dependent  antibody  suggests  that  the  etiology  of 
hepari n-associated  thrombocytopenia  may  not  be  immunologic.  Our 
serologic  findings  are  more  in  keeping  with  the  clinical  circum- 
stances of  the  development  of  heparin-associated  thrombocytopenia 
which  suggests  that  nonimmunologic  mechanisms  are  involved.  Further 
studies  are  indicated  to  establish  the  nature  of  this  complication. 

Ill .  Mechanisms  of  Hormone  and  Transmitter  Secretion 

A.  Adenylate  Cyclase  Localization  in  Chromaffin  Cells 

Adenylate  cyclase,  dopamine-6-hydroxyl ase  and  cytochrome 
b552  have  been  found  to  co-equilibrate  on  equilibrium  sucrose 
gradients  of  lysed  chromaffin  granule  membranes  from  bovine 
adrenal  medulla.  Peak  activities  for  these  enzymes,  were  all 
found  to  coincide  at  d=l.ll  gm  cm"-^,  and  specific  activity  ratios 
of  the  enzymes  were  constant  across  the  entire  peak.  We  conclude 
that  adenylate  cyclase  is  an  intrinsic  enzyme  activity  in  granule 
membranes,  as  well  as  in  plasma  membranes  from  chromaffin  cells. 

B.  Chemiosmctic  Regulation  of  Chromaffin  Granule  Release 

Permeant  anions  such  as  chloride  were  found  to  be  required 
for  ATP-evoked  release  of  epinephrine  from  isolated  bovine 
chromaffin  granules.  The  release  reaction  was  a  saturable  function 
of  both  ATP  and  chloride,  and  anion  transport  blocking  agents  such 
as  SITS  (4-acetamido-4'-isothio  cyanostilbene-2 ,2' -disul fonic  acid), 
probenecid,  pyridoxal  phosphate  and  isethionic  acid  were  also 
found  to  block  release  by  competing  with  chloride.  The  role  of  ATP 
was  found  to  be  that  of  pumping  H"*"  into  the  granule  with  Cl" 
entering  as  a  permeant  counterion  and  release  occuring  as  a 
consequence  of  osmotic  lysis.  We  concluded  that  these  granule 
anion  transport  sites  and  the  associated  chemiosmotic  mechanism 
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might  be  intimately  related  to  the  mechanism  of  release  by 
exocytosis.  These  experiments  have  provided  a  pathway  to  a 
possibly  general  understanding  of  the  process  of  exocytosis  from 
cells  (see  Sections  C  and  D)  and  identify  a  class  of  drugs  (anion 
transport  blocking  agents)  that  profoundly  affect  the  release 
process.  Our  discoveries  may  have  important  implications  for      ^ 
therapy  of  diseases  in  which  aberrant  secretion  is  a  major  problem.  ■ 
One  of  these  is  tumors  of  the  parathyroid  glands  (see  Section  III,  D^ 
A  second  is  for  tumors  of  the  adrenal  medulla  (pheochromocytoma) , 
which  account  for  at  least  10%  of  patients  with  hypertension, 
Diabetes,  at  least  in  the  common  adult  onset  form,  is  marked  by 
inadequate  secretion  of  stored  insulin  and  we  might  anticipate 
that  some  of  the  factors  involved  in  exocytosis  reported  here  may 
prove  to  be  defective  in  this  disease. 

C.  Chemiosmotic  Regulation  of  the  Platelet  Release  Reaction 

Serotonin  secretion  from  intact  human  platelets  was  found  to 
be  inhibited  by  anion  transport  blocking  drugs  such  as  SITS, 
pyridoxal  phosphate,  probenecid  and  suramin.  Platelet  secretion 
was  found  to  be  independent  of  [CI*]  ,  but  instead  was  dependent 
on  [OH"]  ,  as  indicated  by  drug  competition  studies.  Release  was 
also  suppressed  by  the  proton  ionophore  FCCP  and  by  elevated 
osmotic  strength.  We  concluded  that  secretion  from  platelets  could 
be  described  by  a  chemiosmotic  mechanism  similar  in  character  to 
that  previously  proposed  for  epinephrine  release  from  chromaffin 
granules.  Aberrant  or  inappropriate  platelet  function  has  been 
implicated  in  the  pathogenesis  of  myocardial  infarction  and  stroke, 
and  our  anion  transport  blocking  agents  may  prove  beneficial. 
Sulfinpyrazone  is  one  such  compound  (see  Section  I,  B). 

D.  Chemiosmotic  Regulation  of  Parathyroid  Hormone  Release 

Permeant  anions  such  as  Cl~  were  also  found  to  be  required 
for  secretion  of  parathyroid  hormone  (PTH)  from  dissociated  bovine 
parathyroid  cells.  SITS  and  probenecid  were  also  found  to  block 
release  competitively  with  respect  to  chloride.  By  both  criteria, 
OH"  was  also  found  to  be  important  for  PTH  secretion.  FCCP  also 
blocked  PTH  secretion,  as  did  elevated  osmotic  strength.  We 
concluded  that  PTH  secretion  might  also  occur  by  the  same  type  of 
chemiosmotic  mechanism  postulated  for  human  platelets  and  bovine 
chromaffin  granules. 

E.  Isolation  and  Characterization  of  a  Protein  Involved  in  the  Ca  - 
Dependent  Aggregation  of  Chromaffin  Granules 

The  mechanism  of  calcium  action  in  exocytosis  has  also  been 
approached  in  our  laboratory  by  attempting  to  find  factors  in 
bovine  adrenal  medulla,  human  platelets,  and  other  tissues  that 
induced  fusion  of  secretory  vesicles  both  with  one  another  and 
with  plasma  membranes.  A  new  protein,  "synexin",  has  been 
isolated  from  the  adrenal  medulla  that  causes  aggregation  of 
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isolated  chromaffin  granules  in  the  added  pr 
Microscopy  of  the  granule  aggregates  reveal 
typical  of  fusion  complexes  in  secreting  eel 
medullary  protein  was  47,000  MW  on  SDS  gels, 
presence  of  magnesium,  barium,  or  strontium, 
granules  in  the  presence  of  Ca''""'",  but  not  in 
that  interaction  of  the  protein  with  the  gra 
as  subsequent  fusion  of  granule  membranes  wi 
calcium  sensitive.  Thus  calcium  action  may 
special  protein  (synexin)  to  cause  formation 
between  secretory  vesicles  and  plasma  membra 


esence  of  Ca   (>5  yM) . 

_pentalaminar  complexes" 
I's .  The  purified 

and  was  inactive  in  the 
The  protein  bound  to 

its  absence,  arguing 
nule  membrane,  as  well 
th  one  another ,  was 
be  mediated  by  a 

of  the  fusion  complex 
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lymphocyte  transformation  tests,  including  radioautography.  Methods  of 
hemagglutination  involving  attachment  of  various  antigens  to  erythrocytes  by  ■ 
chemical  coupling. 

Pub! ications  : 

1.  Alving,  B.M.,  Shulman,  N.R.,  Bell,  W.R.,  Evatt,  B.L.  and 

Tack,  K.M.:  In  Vitro  studies  of  heparin-associated  thrombo- 
cytopenia. Thrombosis  Research  11 :  827-834,  1977. 


2.  Norton,  J. A.,  Shulman,  N.R.,  Corash,  L.,  Smith,  R.L  _ 
and  Rosenberg,  S.A.:  Severe  thrombocytopenia  following 
intralesional  BCG  therapy.  Cancer  41(3): 


Au,  F, 
820-826,  1978. 


3.  Markovic,  N.,  Markovic,  0.  and  Yound,  D.S.:  Enzyme  kinetics 
in  single  cells:  concept  and  model.  Clinical  Chemistry 
23:   1472,  1977. 
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Project  Description: 

Objectives  : 

Study  of  the  reactions  and  interactions  of  coagulation  factors  in  vitro 
and  in  vivo  to  define  further  the  nature  of  the  blood  coagulation  mechanism, 
to  determine  factors  of  significance  in  the  pathogenesis  of  diseases  of 
hemorrhage  and  thrombosis,  and  to  develop  better  forms  of  therapy  for  these 
diseases . 

Methods  Employed: 

Methods  of  protein  purification  and  characterization,  techniques  of 
enzymology  applied  primarily  to  proteolytic  enzymes  and  their  inhibitors, 
kinetic  analyses  of  enzyme  reactions,  procedures  for  quantitative  measure- 
ment of  various  clotting  factors,  pharmacologic  and  physiologic  techniques 
applied  in  man  and  animals,  and  assessment  of  metabolic  pathways  of  blood 
cells  with  radioactivity  labe'ed  substrates. 

Publ ications  : 

1.  Pollard,  H.B.,  Tack-Gol dman ,   K.  ,   Pazoles,  C.J.,  Creutz,  C.E.   and 
Shulman,  N.R.:     Evidence  for  control   of  serotonin  secretion   from 
human  platelets   by  hydroxyl    ion  transport  and  osmotic  lysis. 
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2.  Shulman,   N.R.:     Splenomegaly  as  a   complication  of  intensive  treatment 
of  hemophilia  with  concentrated  plasma   fractions.     Blood   50(5):     1151, 
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3.  Shulman,   N.R.,   Pollard,  H.B.,  Tack-Goldman,   K.   and  Buda ,   E.:      A  new 
class  of  drugs   that   inhibit  platelet  release  and  aggregation     in 
Transaction  of  the  Association  of  American  Physicians  ,  W i 11 i am  J . 
Dornan  ,    Inc.  ,   in   press . 
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Project  Description: 

Objectives : 

The  object  of  our  work  has  been  to  discover  the  chemical  and  physical 
bases  for  regulation  of  cellular  secretion  of  hormones  and  transmitters  by 
exocytosis.  To  this  end  we  found  it  necessary  to  search  for  the  mediating 
factor  for  (a)  calcium  action,  (b)  for  the  interaction  of  the  secretory 
vesicle  and  plasma  membrane  to  form  a  complex  (the  "secretopl ex" )  ,  and 
(c)  for  the  event  causing  rupture  or  breakage  fission  of  the  secretoplex 
leading  to  the  ultimate  release  step. 

Methods  Employed: 

The  methods  we  have  employed  have  included  those  of  cell  fractionation, 
ultracentrifugation ,  light  and  electron  microscopy,  enzymology,  scintillation 
counting  and  radioimmunoassay,  light  scattering,  fluorescence  spectroscopy, 
and  nuclear  magnetic  resonance. 
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I 


4 


9  81 


OFFICE  OF  THE 

ASSOCIATE  DIRECTOR  FOR 

EXTRAMURAL  PROGRAM  ACTIVITIES 

FY  197S  was  one  that  saw  considerable  expansion  of  personnel  within  the 
Extramural  Program  Activities.   Eight  additional  positions  were  provided 
and  two  of  the  permanent  part-time  positions  were  converted  to  full-time. 
This  additional  personnel  is  permitting  the  program  to  deal  more  effectively 
not  only  with  its  ongoing  responsibilities  but  also  to  accommodate  to  new  ones. 

The  Review  Unit  continues  to  undergo  change.   Instead  of  continuing  review 
responsibilities  by  cluster,  it  was  decided  to  assign  review  responsibility 
by  grant  mechanisms.   To  do  this,  the  Review  Unit  has  been  divided  into  three 
subunits;  one  each  for  Contracts,  Center  grant  applications,  and  Program 
Project  and  Training  and  review  staff  has  been  assigned  accordingly.   Also 
a  Review  Unit  Chief  has  been  recruited.   His  recruitment  is  expected  to 
strengthen  considerably  the  operation  of  this  Unit. 

Administrative  Office 

As  in  the  past  few  fiscal  years,  the  travel  function  continued  to  occupy  the 
greatest  amount  of  time  of  the  EP  Administrative  Office  staff.   The  addition 
to  the  Administrative  Office  staff  in  late  FY  1977  allowed  the  Office  to 
keep  abreast  of  the  travel  requirements  and  resulted  in  there  being  virtually 
no  backlog  of  claims  to  be  processed  in  the  Administrative  Office  for  the 
entire  FY  1978.   The  request  for  services  made  to  the  Administrative  Office 
again  showed  a  marked  increase  with  the  continuing  growth  of  the  clusters. 
Additional  space  made  available  to  the  EP  in  FY  1978  has  provided  some 
temporary  relief  for  the  expanding  staffs.   However,  even  with  the  completion 
of  the  occupation  of  this  space  in  late  FY  1978,  the  anticipated  growth  of 
the  cluster  staffs  in  FY  1979  will  keep  the  space  problems  with  us  indefinitely. 
Although  there  has  been  some  evidence  during  FY  1978  that  higher  authorities 
are  well  aware  of  the  existing  physical  conditions  of  the  Westwood  Building, 
conditions  have  remained  essentially  the  same.   Considerable  time  and  effort 
by  the  EP  Administrative  Office  has  been  and  will  continue  to  be  made  in  the 
allocation  of  space  and  the  proper  equipping  of  all  EP  offices. 

Program  Evaluation  Branch  (PEB) 

The  branch  is  responsible  for  maintaining  the  extramural  scientific  management 
information  system,  utilizing  NIH  computer  facilities.   Reports  and  analyses 
based  on  information  from  this  system  are  used  by  Institute  officials  for 
program  planning  and  decision  making.   Scientific,  technical,  financial  and 
other  pertinent  information  on  all  applications  assigned  to  the  Institute 
form  the  data  base  of  this  system. 
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During  the  past  year  we  have  eliminated  the  need  for  manual  updating,  coding 
and  key  punching  for  over  half  the  informational  items  in  the  system.   These 
items  are  captured  automatically  from  IMPAC  via  computer  programs  written  by 
branch  staff.   The  time  saved  by  these  procedures  has  eliminated  the  need 
for  overtime  work  by  DRG  staff  which  was  authorized  last  year.   It  has  allowed 
the  initiating  of  a  training  program  for  the  computer  technicians,  giving 
them  an  opportunity  for  upward  mobility  and  has  allowed  senior  staff  the 
time  to  document  ongoing  procedures  and  continue  to'  develop  their  own 
expertise. 

Each  scientific  cluster  has  one  of  the  branch's  technical  information 
specialists  assigned  to  it.   The  specialist  provides  technical  expertise  to 
the  cluster,  including  preparation  of  special  reports.   They  interface  with 
both  the  NIAMDD  and  other  information  systems  to  meet  the  cluster's  needs, 
utilizing  their  knowledge  of  available  information  resources  at  NIH.   The 
specialists  completed  the  yearly  requests  for  information  from  the  NHLBI 
for  research  in  NIAMDD  related  to  their  programs  and  from  the  NICHD  for 
research  in  NIAMDD  related  to  Population  Studies. 

We  are  coordinating  the  Institute's  response  for  the  NIH  inventory  of 
Clinical  Trials  and  assisting  in  the  coordination  of  the  Basic,  Applied 
and  Developmental  (BAD)  and  Science  Base,  Applied,  Transfer  and  Training 
(SATT)  surveys. 

Grants  Management  Branch  (GMB) 

Additional  internal  management  fund  control  guidelines  were  issued  during 
the  past  fiscal  year  by  the  Office  of  the  Director,  NIAMDD.   Specifically 
these  guidelines  placed  a  3%  reserve  on  extramural  research  funds;  thus 
preventing  their  expenditure  until  determinations  could  be  made  concerning 
the  "ability  to  pay"  in  each  of  our  programs  and  scientific  clusters. 
Members  of  this  branch  provided  detailed  operating  information  in  terms  of 
the  priority  levels  reached  for  payment  of  competitive  awards  and  assisted 
in  the  decision-making  process  of  the  Office  of  the  Director.   Portions  of 
these  reserved  funds  were  actually  re-allocated  to  different  programs  within 
the  same  cluster.   However,  it  is  hoped  that  additional  refinement  and 
clarification  in  the  future  will  allow  a  more  expeditious  distribution  of 
such  funds. 

Another  important  aspect  of  FY  1978  was  our  increased  effort  to  keep  the 
Advisory  Council  informed  of  the  actual  funding  decisions  made  by  the 
Institute.   This  effort  culminated  with  a  special  presentation  at  the  May 
1978  Council  meeting.   The  material  presented  was  prepared  by  GMB  staff  and 
required  extensive  staff  time.   The  material  displayed  the  percentage  of 
approved  competing  FY  1977  applications  funded  by  each  program  area  for  both 
numbers  of  applications  and  approved  direct  cost  dollars.   In  addition  graphs 
were  prepared  for  each  program  area  showing  the  distribution  of  FY  1977 
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competitive  awards  by  priority  score.   This  presentation  was  so  well  received 
by  Council  that  they  requested  that  such  information  be  provided  routinely 
at  each  Council  meeting.   As  a  result  of  this,  authority  has  been  granted 
for  us  to  hire  a  Grants  Fiscal  Analyst  GS-11  to  provide  such  specialized  data. 

Using  the  services  of  a  summer  employee,  we  have  been  able  to  initiate  a 
systematic  approach  to  the  "close-out"  of  official  grant  files.   Letters 
requesting  submission  of  missing  documents  such  as  Reports  of  Expenditures, 
Invention  Statements  and  Progress  Reports  have  been  developed  and  used. with 
good  effect  in  carrying  out  this  grants  management  responsibility.   With  this 
foundation,  we  expect  to  be  able  to  continue  this  effort  and  to  initiate  a 
routine  close-out  procedure  within  90  days  of  the  termination  of  a  grant. 

In  the  area  of  National  Research  Services  Awards,  two  major  problem  areas 
developed  during  the  year.   First  was  the  issue  of  "payback".   Although 
responsibility  for  approval  of  payback  service  had  previously  been  assigned 
to  the  branch,  it  soon  became  apparent  that  unusual  cases  and  precedent 
decisions  were  too  important  and  too  numerous  to  handle  without  additional 
advice.   Consequently  an  Extramural  Program  Committee  was  established.   This 
committee  is  intended  to  provide  recommendations  to  the  GMO  concerning  the 
acceptability  of  the  trainee's  payback  service.   The  second  problem  in  the 
NRSA  area  is  the  requirement  for  at  least  25%  of  NRSA  funds  to  be  used  for 
individual  fellowship  (F32)  awards.   Since  the  FY  1977  commitment  level 
(Type  5)  for  F32's  accounted  for  only  18%  of  the  NRSA  appropriation,  continued 
surveilance  was  necessary  to  assure  compliance  with  the  25%  requirement. 

As  a  consequence  of  both  the  budget  process  and  the  time  necessary  to  review 
and  implement  new  mechanisms  of  support,  as  well  as  to  expand  current 
mechanisms,  the  Institute  finds  itself  with  a  disproportionally  heavy  workload 
for  the  last  quarter  of  the  fiscal  year.   This  is  particularly  true  because 
of  the  need  to  hold  special  August  Council  meetings  for  the  two  last  years. 
With  this  shift  in  the  workload,  particularly  as  it  affects  the  Diabetes, 
Endocrinology  and  Metabolism  Cluster,  we  must  give  serious  consideration  to 
the  judicious  use  of  multi-year  funding.   This  would  achieve  the  desired 
result  of  shifting  large  numbers  of  September  1  grant  budget  period  begin 
dates  to  periods  in  the  year  when  the  workload  is  not  so  heavy. 

Just  as  last  year,  the  personnel  situation  continues  to  show  definite  signs 
of  improvement.   We  are  actively  recruiting  or  have  received  permission  to 
recruit  3  additional  Grants  Management  Specialists  and  1  Grants  Fiscal  Analyst. 
With  these  additions,  however,  space  or  the  lack  thereof  emerges  as  a  real 
problem.   Currently,  several  of  our  on-duty  people  are  occupying  space 
belonging  to  another  cluster.   Further,  the  space  assigned  to  our  6  Grants 
Management  Specialists  remains  unacceptable  in  that  it  provides  neither  the 
quiet  or  the  privacy  necessary  to  perform  their  professional  responsibilities. 
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Operations  Office 

This  year  we  have  added  a  permanent  full-time  employee  in  the  council 
preparation  unit  and  a  stay-in-school  to  help  with  the  mail  and  files.   As 
soon  as  we  receive  final  notification  on  the  space  and  renovation  situation 
we  will  implement  plans  for  installing  mobile  filing  units. 
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ANNUAL   REPORT      1978 
Associate   Director,    DEMD 

The  Associate   Director   Dl^nQ      a-^^^„<- 

the  Diabetes    Endocrinolo'n^d   Metabol  "'n- °°'''"''"'    '"^   P^°S^^-   -i^^hin 
with  a  view   toward    integratS    tLf  ^'^^'"'    "^^^"'^^^   °^    ^^e   NIAMDD 

an.   e.phasis   o.    theirl^^^-^--:  ^i^^^^eTZ^^^^^^^i^^^  °^' 

?ui^"rt;r::;;L:ti:n^:r:ixi:^jjs:^  -« ;----  ---aries,  re- 

implement  a  comprehensive  diabetes  p  an   The  A     '°"  '°  '^"^'°P  ^"'^ 
as  chairmn  of  the  Intra-NIH  DiabJtes  Sellitus  r^'n"''  °'''''°'^  ^"^"^= 
the  NIH  group  responsible  for  idenJfyini  shared  In'?'"''"'  Connnittee, 
among  Institutes  and  for  developinraL  Jn   !    interests  and  resources 
NIH  diabetes  research  progrim   TM,    ""'^dinatmg  a  comprehensive 

support  mechanisms  to  s tillage  ba   c   a^"::  Tnl   '^'T   "/^^^'^^  "^" 
research  in  diabetes  and  related  fJp^d/^       epidemiological 
of  adequate  research  manpower   'in  tieia'er'c  T^"""'"'    ^'^  development 
emphasis  has  been  olarpH  nn  /   i  -.    latter  context,  particular 

supported  by  Joint'lL^itute^u^n  i  '^^E^fortl'  ^^^7^^'  "  '^^^"^"^> 
provide  the  Committee  with  J  nn^f    ^  Efforts  are  also  underway  to 

projects  and  to  fos  er  new  toint  inir.  ^^   I   -Porting  diabetes-related 
managerial.   The  Assocl^t!  n     ^"^^latives,  both  scientific  and 

with'those  wid^lV  spe'sed^b^t^  :L^,^r  ''t'''''''''   '   ^'°^^  relationship 
which  comprise  the  entS  n.^     f.t   ^^^^^^^^^^  outside  the  NIH 
chairmanship  of  the'^ter-a^L.Ti"  k"'"''  P"^"'""'  ''    -^l-ted  in  his 
his  membership  in  the  National  Diab':?'''!.'''''''"^  Coordinating  Committee,  ' 
with  the  two  major  voluntarTheaUh  r^        "^   '°'''  '"'  ''^  involvement 
Juvenile  Diabetes  Foundation  and  ThP^   ''  concerned  with  diabetes.  The 
wen  as  with  other  .ro^Z/Z^^::^J^^ ^^^^^o.,    as 

DLtle:'DaL^1ro^^';o^':ftn:°^J:lta""d'/^^  ^^'^"^^^^^  ''^   — ^^ 
and  public  health  issues  in  d.". hi     T^^'^   '°  ^'^^'^""  ^^e  scientific 
collection  and  Sisslminati^n  of .   k  '    '°  '°''''^  "^'  coordinate  the 
Diabetes  EducatLrandSormaMrf'' •'"'"•   "'  "^^°  established  The 
time,  provides  a  central ^P.T     Jlearing  House  which,  for  the  first 
tiona/and  educat  onal  mat^  iaTLd  ^h'"'  collection  of  diabetes  infonna- 
community.   Both  of  theselroui^  and  their  dissemination  into  the  health 
federal  agencies  and  thrnJr  f  '°    '"  representatives  from  those 
gencies  and  the  private  sector  concerned  with  diabetes. 

A':s"™e^\'r::toTL\'Sg'th:  tt^'-  e^^-^'  ^-^  ^^^^^-^^  ^y  ^^^ 

of  a  plan  for  a  clinical  trxJ/f.r^".^f'  '''''^'^''   ^^  ^^^  "^^e  design 
Glucose  in  the  Development  of  Co   i    "E^icacy  of  Control  of  Blood 

(b)  issuance  of  IZlZTellH     nXlppTfo^r  if 'ch^^  'f '''"^■'  ^"^ 
Animal  Models  for  Diabetes  Research  9)      Lh     .  Characterizations  of 
of  Diabetes;  3)   Breedinf  M^?n^^       Devices  for  Improved  Management 

Breeding,  Maintenance  and  Distribution  of  Well-Characterized 
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Animal  Models  for  Diabetes  Research;  and  4)   Procurement  and  Distribution 
of  Insulin  Analogues,  Growth  Factors,  and  Gastric  Inhibitory  Peptide. 

In  the  Endocrinology  and  Metabolic  Diseases  Programs,  the  primary  focus 
has  been  on  identification  and  analysis  of  opportunities  for  basic  and 
applied  research,  and  development  of  additional  and  new  programs  for 
manpower  development.   The  Associate  Director  established  the  ongoing 
"Evaluation  of  Research  Needs  in  Endocrinology  and  Metabolic  Diseases" 
(contract  awarded  to  Beth  Israel,  Boston  -  Dr.  Ingbar,  chairman)  and  has 
continued  to  work  closely  with  the  contractor,  monitoring  progress  and 
providing  guidance  and  assistance  for  all  aspects  of  the  study.   The  staff 
of  the  Associate  Director  worked  closely  with  the  Cystic  Fibrosis 
Foundation  in  its  report  entitled  "Cystic  Fibrosis  -  State  of  the  Art  and 
Directions  for  Future  Research  Efforts,"  completed  in  FY  78,  and  currently 
is  developing  programs  to  implement  the  resultant  recommendations. 

In  addition  to  the  managerial  and  administrative  responsibilities  of  the 
Associate  Director,  (which  include  recruitment  of  competent  personnel  to 
implement  and  direct  all  the  new  programs  within  the  cluster) ,  he  also 
conducts  laboratory  research  on  the  relationship  between  diabetes  and 
obesity,  focussing  particularly  on  the  action  of  insulin  at  the  level  of 
the  adipose  cell. 
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DIABETES  PROGRAiM  -  CLINICAL  AND  PHYSIOLOGICAL  STUDIES 

This  program  provides  support  for  a  wide  range  of  clinical  and  physiological    ^K 
studies  related  to  diabetes  mellitus  through  both  investigator  initiated       ^P 
research  and  program  project  grants  as  well  as  research  and  development 
contracts.   Studies  in  progress  focus  primarily  on  the  nature,  epidemiology, 
etiology  and  pathogenesis  of  diabetes  and  its  complications  in  an  effort  to 
refine  and  improve  capabilities  for  prevention,  diagnosis,  treatment  and 
cure.   Thus,  research  supported  by  the  Clinical  and  Physiological  Studies 
Program  integrates  fundamental  investigations  of  molecular  and  cellular 
phenomena  with  the  more  applied  and  directly  applicable  problems  associated 
with  health  care  delivery  and  as  such,  underlies  areas  of  programmatic 
interest  to  both  the  National  Diabetes  Data  Group  and  the  National  Diabetes 
Information  and  Education  Clearinghouse. 

Recent  studies  have  suggested  that  the  levels  of  hemoglobin  A   may  provide 

a  reliable  index  of  the  degree  of  control  of  blood  glucose  in  diabetic 

patients.   It  has  been  demonstrated  that  the  concentration  of  hemoglobin  A   , 

a  minor  component  of  red  blood  cells,  is  elevated  by  approximately  two-to-tnree 

fold  in  patients  with  poorly  controlled  diabetes  mellitus  and  that  these 

increases  parallel  sustained  changes  in  plasma  glucose  with  a  lag  time  of 

two  to  four  weeks.   During  the  past  year,  a  simplified  assay  for  hemoglobin      .^^. 

A^   has  been  developed  using  isoelectric  focusing  and  quantitative  ij^f 

microdensitometry,  a  development  which  is  anticipated  to  facilitate  ^t 

evaluation  of  the  potential  therapeutic  value  of  hemoglobin  A   as  an  index 

of  diabetic  control. 

Other  investigators  are  extending  studies  of  the  glycosylation  reaction 
responsible  for  the  production  of  hemoglobin  A   J^  vivo  to  other  body 
proteins  which  may  be  associated  with  the  development  of  some  of  the  complicat- 
ions of  diabetes.  _In  vitro  investigations  in  the  rat  indicate  that  in  the 
face  of  high  concentrations  of  glucose,  glycosylation  of  rat  lens  crystallins 
occurs,  imparting  increased  susceptibility  to  sulfhydryl  oxidation  and  disulfide 
bond  formation  with  subsequent  formation  of  high  molecular  weight  aggregates. 
Solutions  of  these  aggregates  appear  to  mimick  the  opalescence  seen  in 
diabetic  cataracts,  and  the  addition  of  reducing  agents  prevents  as  well  as 
reverses  the  formation  of  the  aggregates  and  the  opacity  of  the  solution. 


Although  diabetes  mellitus  has  been  considered  a  "familial"  illness  for 
many  years,  it  is  only  recently  that  tissue  typing  by  HLA  antigens  has 
distinguished  the  genetic  factors  associated  with  insulin-dependent  diabetes 
mellitus  (IDDM-juvenile  onset  type)  from  those  of  non- insulin-dependent 
diabetes  mellitus  (NIDDM-maturity  onset  type).   Nevertheless,  the  extent  of 
the  heterogeneity  within  the  juvenile-onset  and  maturity-onset  types  yet 
remains  to  be  defined.   During  the  past  year,  research  supported  by  the 
Program  suggested  that  there  are  at  least  two  distinct  forms  of  juvenile- 
onset  diabetes,  one  associated  with  HLA  B8  and  the  other  with  BW15 .   The 
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B8  type  appears  to  be  characterized  by  autoimmunity,  microangiopathy  and 
a  stronger  association  with  the  HLA  D  locus.   The  BW15  type  is  characterized 
by  antibody  response  to  exogenous  insulin  and  a  stronger  association  with 
the  HLA  C  locus.   These  observations  are  being  extended  by  comprehensive 
studies  of  families  in  which  both  parents  have  diabetes.   It  is  anticipated 
that  such  studies  will  determine  whether  it  is  possible  to  unmask  high 
risk  offspring  in  a  given  family  by  identifying  the  "genetic"  association 
with  continued  glucose  tolerance  as  well  as  intermittent  or  continued 
carbohvdrate  intolerance. 


During  the  past  year,  several  new  Program  initiatives  were  undertaken.   Under 
the  auspices  of  the  NIH  Diabetes  Coordinating  Committee,  the  Program 
coordinated  the  development  of  a  multidisciplinary  Program  Announcement 
cosponsored  by  eight  individual  NIH  Institutes.   This  announcement 
highlighted  nineteen  areas  of  current  programmatic  interest  to  the  sponsoring 
Institutes,  and  reflected  recognition  that  many  of  the  substantive 
problems  in  diabetes  research  today  transcend  the  areas  traditionally 
supported  by  individual  agencies.   This  first  "trans-NIH"  Diabetes  Program 
Announcement  stimulated  considerable  interest  throughout  the  biomedical 
research  community,  and  an  expanded  effort  in  this  direction  is  now 
being  planned  for  FY  79. 

One  of  the  Program  areas  identified  for  priority  attention  by  the  National 
Commission  on  Diabetes  and,  more  recently,  by  the  National  Diabetes  Advisory 
Board,  involves  epidemiologic  studies  related  to  the  etiology  of  diabetes 
and  its  complications.   In  this  regard,  the  NIAMDD  and  the  Juvenile  Diabetes 
Foundation  co-sponsored  a  workshop  entitled  "Etiology  and  Pathogenesis  of 
Insulin-Dependent  Diabetes  Mellitus"  (IDDM) .   Among  the  recommendations 
submitted  to  the  NIAMDD  by  that  group  were  those  for  increased  support 
of  epidemiological  research  in  diabetes  to  provide  further  insights  into 
genetic  and  environmental  factors  involved  in  the  development  and  causes 
of  IDDM. 

During  the  past  year,  the  Program  has  worked  closely  with  the  National 
Diabetes  Data  Group  in  an  effort  to  stimulate  new  research  in  diabetes 
epidemiology.   A  number  of  research  needs  and  opportunities  have  been 
identified,  including  studies  on  the  etiology  and  natural  history  of 
the  various  types  of  diabetes;  assessment  of  risk  factors  for  diabetes, 
including  nutrition,  obesity,  environmental  parameters,  genetic  determi- 
nants, socioeconomic  variables,  etc.;  evaluation  of  the  basis  for 
differences  between  populations  in  the  incidence  of  diabetic  complications; 
epidemiologic  assessment  of  the  effects  of  mitigation  of  obesity  on 
diabetes;  assessment  of  changes  in  glucose  tolerance  with  aging;  eval- 
uation of  the  relationship  between  gestational  diabetes  and  subsequent 
overt  diabetes  and  assessment  of  the  value  of  insulin  treatment  of 
asymptomatic  or  gestational  diabetes  during  pregnancy.   These  are  but 
a  few  of  the  areas  wher  epidemiologic  investigations  are  needed,  and  the 
Program  anticipates  providing  increased  support  for  such  studies  during 
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the  coming  year. 

Another  developing  area  of  programmatic  interest  involves  behavioral  research 
related  to  diabetes.   It  has  been  demonstrated  that  the  behavioral  and 
psychosocial  response  of  the  diabetic  to  his/her  disease  as  well  as  the 
reaction  of  the  family,  friends  and  the  community  can  have  a  profound  effect 
both  on  the  course  of  the  disease  itself  as  well  as  on  its  daily  management. 
In  conjunction  with  the  Diabetes  Information  and  Education  Clearinghouse  and 
other  Institutes  and  Agencies,  the  Program  is  planning  to  sponsor  a  workshop 
during  the  coming  year  in  order  to  further  define  specific  opportunities 
and  priorities  for  research  in  these  areas. 

During  the  past  year,  the  Program  sponsored  the  Workshop  on  Pancreatic 
Islet  Cell  Transplantation  In  Diabetes  in  order  to  formulate  recommenda- 
tions regarding  future  research  needs  in  this  area.   A  broad  range  of 
topics  was  reviewed  providing  new  and  exciting  information  on  the 
current  state  of  the  art  of  this  field,  as  well  as  identifying  needs 
for  research  and  technical  accomplishments  that  will  be  required  before 
a  safe  and  successful  means  of  islet  transplantation  can  be  accomplished 
in  man.   It  was  concluded  that  transplantation  of  islet  cells  is  bio- 
logically feasible  in  experimental  animals  and  that  continued  support 
of  such  animal  studies  provides  an  excellent  opportunity  and  a  most 
reasonable  expectation  of  advancing  our  basic  knowledge  in  the  broad 
disciplines  of  immunology,  endocrinology,  metabolism,  metabolic  disease, 
developmental  biology  and  diabetes  in  man.   It  is  also  reasonable  to 
expect  that  with  successful  acquisition  of  new  basic  information, 
it  should  become  feasible  to  explore  the  utilization  of  islet  cell 
transplantation  as  a  therapeutic  approach  to  the  possible  prevention  of 
the  complications  of  diabetes  in  man.   Based  upon  the  information  and 
recommendations  generated  from  this  workshop  and  additional  information 
from  other  sources,  the  Program  anticipates  providing  increased  funding 
under  the  research  grant  mechanism  for  investigator-initiated  studies  related 
to  pancreatic  islet  cell  transplantation. 

The  NIAMDD  also  sponsored  a  Workshop  on  Artificial  Devices  For  the  Control 
of  Blood  Glucose,  which  was  convened  specifically  to  discuss  the  present 
state  of  research  on  the  design,  development  and  evaluation  of  insulin 
delivery  systems,  and  to  establish  priorities  for  future  research  efforts 
in  these  areas.   Workshop  participants  concluded  that  a  portable  insulin 
delivery  system  appropriately  coupled  with  a  glucose  or  other  metabolite 
sensor  must  first  be  developed  and  perfected  for  long-term  use  in  clinical 
research,  and  it  must  be  shown  that  the  resulting  pattern  of  insulin 
infusion  will  restore  metabolic  homeostasis  to  normal.   Subsequently,  it 
will  have  to  be  determined  whether  restoration  of  the  metabolic  state 
will  favorably  influence  the  natural  history  of  diabetic  complications. 
Although  workshop  participants  agreed  that  the  ultimate  objective  is  to 
develop  a  device  consisting  of  a  sensor  that  continuously  monitors  plasma 
glucose  concentration,  a  mini  computer  which  translates  signals  from  the 
glucose  sensor  into  an  appropriate  pattern  of  insulin/glycogen  delivery. 
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an  insulin/glucagon  pump(s),  a  power  supply  and  hormone  reservoir  (the 
"closed-loop"  system),  several  difficulties  were  identified  which  limit 
further  progress  at  the  present  time.    Considerable  enthusiasm, however , 
was  expressed  regarding  the  potential  for  rapid  advancement  in  another 
automated  system  for  continuously  infusing  insulin,  known  as  an  "open-loop' 
device,  which  consists  of  a  computerized  control  unit,  a  power  supply, 
an  insulin  reservoir  and  a  pump  which  delivers  insulin  according  to  a 
predetermined  pattern;  the  sensor  component  of  the  closed-loop  device  is 
not  present.   Although  several  technical  problems  with  current  open  -loop 
systems  were  identified  which  will  require  additional  research  and 
development  there  was  a  consensus  that  major  emphasis  should  be  placed 
on  research  and  development  in  this  area.   The  Program  plans  to  initiate 
contract  support  for  the  design,  fabrication,  development  and  evaluation 
of  open-loop  insulin  infusion  devices  for  use  in  biomedical  research. 
It  is  anticipated  that  such  devices  will  improve  the  control  of  plasma 
glucose  beyond  that  presently  achieved  by  traditional  subcutaneous 
insulin  injections  in  the  management  of  diabetes  mellitus.   A  total  of 
15  proposals  for  devices  contracts  have  been  received  and  currently  are 
undergoing  scientific  and  technical  merit  review.   It  is  anticipated 
that  the  resulti:  g  award(s)  will  represent  a  significant  part  of  the 
Program's  contracting  activities  during  each  of  the  next  several  years. 
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Diabetes  Program  for  Cellular  and  Molecular  Studies 

The  major  emphasis  in  the  Diabetes  Program  for  Cellular  and  Molecular 
Studies  continues  to  be  the  support  of  investigator-initiated  research 
into  the  metabolic  basis  of  diabetes  mellitus.   Areas  of  interest  include 
studies  on  (1)  the  etiology  of  diabetes  including  the  possible  role  of 
viruses,  immunology  and  nutrition,  (2)  the  structure  and  function  of  the 
pancreatic  hormones  as  well  as  related  peptides  and  enzymes,  (3)  the  , 
biosynthesis,  secretion  and  mechanisms  of  action  of  the  pancreatic 
hormones,  and  (4),  carbohydrate,  lipid  and  protein  metabolism  and  nutri- 
tional interrelationships  including  obesity. 

In  the  area  of  etiology,  it  is  now  apparent  that  diabetes  is  a  heterogeneous 
group  of  disorders.   New  knowledge  has  been  developed  regarding  the 
genetics  of  diabetes  mellitus  and  evidence  is  accumulating  that  non-genetic 
environmental  factors  such  as  viruses  and  chemical  toxins  may  play  a  role 
in  the  development  of  at  least  some  types  of  insulin-dependent  diabetes 
mellitus  (IDDM) ,  presumably  through  their  effects  on  the  pancreatic  beta 
cells  of  genetically  susceptible  individuals.   Clinical  and  genetic  data 
clearly  separate  IDDM  (juvenile  or  early  onset  type  diabetes)  from  non- 
insulin  dependent  diabetes  (NIDDM  or  late-onset  type  diabetes).   The 
genetic  factors  associated  wita  the  development  of  IDDM  are  different  from 
those  seen  in  NIDDM,  and  even  within  each  type  of  diabetes,  there  may  be 
genetic  heterogeneity.   Certain  genetic  patterns,  as  indicated  by 
specific  tissue  antigen  characteristics  (HLA  tissue  types) ,  appear  with 
greater  frequency  in  IDDM  than  in  the  general  population.   The  inter- 
relationships of  genetic  constitution  with  susceptibility  to  the 
destruction  of  pancreatic  islet  cells  by  environmental  factors  such  as 
virus  infections  and  chemical  toxins  remain  to  be  resolved.   Studies  in 
laboratory  animals  suggest  that  viral  infections  may  produce  extensive 
damage  of  pancreatic  islets  in  some,  but  not  all,  genetic  strains  of  mice; 
this  susceptibility  appears  to  be  a  recessive  trait.   Evidence  for  an 
etiological  role  of  viruses  in  human  diabetes  remains  to  be  substantiated. 
Animal  studies  have  demonstrated  the  involvement  of  a  cell-mediated 
immune  reaction  against  pancreatic  islets  leading  to  insulitis  and 
insulinopenic  diabetes,  and  islet  cell  antibodies  have  been  found  in 
certain  patients  with  IDDM. 

The  biological  and  immunological  properties  of  various  insulins  and 
analogues  of  insulin  are  being  evaluated  in  order  to  improve  understanding 
of  the  relationship  between  the  structure  and  function  of  insulin  and  to 
develop  an  insulin  which  possesses  more  desirable  biological  and  immuno- 
logical properties  for  the  treatment  of  human  diabetes  than  available 
with  existing  preparations.   Analogues  of  insulin  are  also  being  used  to 
localize  binding  sites  of  insulin  and  to  elucidate  structure/activity/ 
binding/metabolic  function  relationships  which  could  provide  important 
information  about  the  nature  of  the  insulin  receptor  and  lead  to  an 
understanding  of  the  mechanism  of  action  of  the  hormone.   In  order  to 
encourage  studies  in  this  area,  the  NIAMDD  recently  issued  a  Request  for 
Proposals  for  the  production  of  various  insulins,  insulin  analogues  and 
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growth  factors.   It  is  expected  that  these  materials  will  be  available  to 
grantees  in  the  near  future. 

Many  studies  are  in  progress  on  the  mode  of  action  of  insulin  and  glucagon. 
The  importance  of  the  insulin  receptor  is  emerging  and  studies  of  its 
character,  concentration  and  affinity  and  initiation  of  post-receptor 
events  are  currently  in  progress.   Support  for  the  hypothesis  that  insulin 
affects  membrane- re la ted  processes  such  as  glucose  and  amino-acid  trans- 
port and  ion  fluxes  has  come  from  studies  demonstrating  that  a  ferritin- 
insulin  complex,  which  retains  its  biological  and  immunological  activity 
and  associates  only  with  the  adipocyte  plasma  membrane,  is  capable  of 
eliciting  full  physiological  responses  without  entering  the  cell.   Insulin 
has  been  shown  to  influence  Na   pump  activity  in  the  plasma  membranes  of 
certain  cells  suggesting  another  mechanism  by  which  insulin  may  regulate 
cellular  metabolism.   Progress  has  been  made  by  one  group  in  the  isola- 
tion and  purification  of  the  adipocyte  hexose  transport  system,  using 
intrinsic  fat  cell  membrane  proteins.   Recent  studies  suggest  that 
insulin  exerts  its  influence  on  glucose  transport  by  converting  cell 
membrane  glucose  transport  carriers  from  an  inactive  to  an  active  form 
and  that,  in  the  presence  of  insulin-deficient  diabetes  or  fasting  states, 
cells  have  fewer  glucose  transport  carriers  per  cell  rather  than  an 
abnormality  of  the  carrier  itself.   There  is  increasing  evidence  that  the 
ability  of  insulin  to  influence  cellular  glucose  metabolism  may  be  regulated 
by  steps  other  than  insulin  binding  and  glucose  transport. 

Investigators  are  also  attempting  to  develop  a  chemically  modified  form  of 
glucagon  which  will  be  effective  in  blocking  the  action  of  the  native 
hormone  at  its  target  organs  and  thereby  allow  for  elucidation  of  the 
nature  of  the  interaction  of  glucagon  with  its  receptor. 

New  knowledge  has  been  generated  from  research  on  the  biosynthesis  and 
secretion  of  pancreatic  hormones.   A  recent  study  has  shown  that  in  vitro 
exposure  of  perfused  rat  islets  to  alloxan  results  in  monophasic  bursts 
of  insulin  release  followed  by  inhibition  of  subsequent  glucose-induced 
release,  an  effect  which  is  blocked  by  D-glucose  at  a  common  site 
responsible  for  initiation  of  insulin  release.   A  role  for  prostaglandins 
in  insulin  secretion  has  been  suggested  by  ^  vivo  studies  in  which 
glucose- induced  insulin  secretion  is  blunted  by  prostaglandins.   Recent 
evidence  from  work  in  anglerfish  islets  indicates  that  somatostatin  is 
actually  synthesized  in  the  pancreatic  cells  and  that  a  larger  precursor 
may  play  a  role  in  its  biosynthesis.   Somatostatin  analogues  are  also 
being  developed  to  suppress  somatostatin  release  in  order  to  study 
pancreatic  D  cell  function.   Gastric  inhibitory  polypeptide  (GIF)  has  been 
shown  to  potentiate  insulin  secretion  and  improve  glucose  tolerance 
suggesting  that  it  may  be  important  in  mediating  the  enteroinsulin  axis. 
Recent  studies  suggest  that  abnormalities  in  GIF  may  play  a  role  in  the 
alterations  of  insulin  secretion  in  patients  with  NIDDM  (adult  onset  type), 
obesity  and  uremia.   In  order  to  facilitate  these  studies,  the  Program  has 
arranged  to  produce  GIF  for  distribution  to  grantees  working  in  this 
area.   This  material  should  be  available  for  distribution  by  September  and 
its  availability  will  be  advertised  in  appropriate  journals. 
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During  the  past  year,  the  Program  supported  work  on  the  synthesis  of 
proinsulin  in  bacteria.   Double-stranded  cDNA,  carrying  the  structural 
information  for  rat  insulin,  was  inserted  into  a  restrictive  site  within 
the  structural  gene  for  penicillinase  from  E^.  coli.   It  was  possible  to 
construct  a  derivative  of  E.  coli  carrying  the  insulin  gene  sequence  and 
to  detect  the  synthesis  and  secretion  of  a  fused  protein  carrying  antigenic 
determinants  of  both  insulin  and  penicillinase.   Work  is  also  in  progress 
on  the  synthesis  of  the  two  chains  of  insulin  separately.   This  procedure 
would  avoid  some  of  the  restraints  of  recombinant  DNA  work  since  neither 
of  the  chains  of  insulin  is  active  alone.   Another  group  is  working  on 
the  recombination  of  the  two  chains  of  insulin  by  using  cross-linking 
techniques. 

Progress  has  been  made  in  understanding  the  regulation  of  ketogenesis 
and  the  relationship  between  carbohydrate  and  lipid  metabolism.   Insulin 
and  glucagon  appear  to  exert  their  effects  on  the  ketogenic  process  by 
influencing  fatty  acid  synthesis  and  oxidation  which,   in  turn,  through 
the  action  of  malonyl-CoA,  influences  the  carnitine  palmitoyltransferase  I 
(CPT)  system  of  enzymes.   Insulin  enhances  malonyl-CoA  concentration  in 
the  cell  which  inhibits  CPT,  thus  blocking  fatty  acid  oxidation  and 
ketogenesis,  while  glucagon  decreases  intracellular  malonyl  CoA,  inactiva- 
ting CPT  and  increasing  fatty  acid  oxidation  and  ketogenesis. 

The  Program  is  increasing  its  support  of  research  on,  and  development  of, 
animal  models  of  spontaneous  diabetes  mellitus.   Research  in  the  miniature 
pig,  the  Keeshund  dog  and  the  Macaca  Nigra  monkey  was  initiated  during 
this  past  year.   A  request  for  research  grant  applications  in  this  area 
was  issued  in  fiscal  year  1978,  in  an  effort  to  stimulate  support  for 
the  characterization  of  additional  animals. 
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Special  Programs  in  Diabetes 

Within  the  Special  Diabetes  Program,  centers,  clinical  trials,  and  other 
special  programs  form  a  group  which  are  generally  large  and  long-term 
activities. 

The  Program  supports  both  Diabetes-Endocrinology  Research  Centers  (DERC) 
and  Multipurpose  Diabetes  Research  Training  Centers  (DRTC) .   At  present 
the  Centers  program  comprises  four  DERC's  (Vanderbilt  University,  University 
of  Washington,  Seattle,  University  of  Virginia,  Charlottesville  and 
University  of  Pennsylvania  )  and  six  DRTC's  (University  of  Chicago, 
Washington  University,  St.  Louis,  Indiana  University,  University  of 
Michigan,  Albert  Einstein  University  and  Joslin  Diabetes  Foundation.) 
In  fiscal  year  1978,  Vanderbilt  University  will  convert  its  DERC  to  a 
DRTC. 

The  primary  requirement  for  the  establishment  of  either  the  DERC  or  DRTC 
is  a  base  of  high-quality  ongoing  biomedical  research.   Both  types  of  centers 
have  a  biomedical  research  component  which  utilizes  a  base  of  ongoing 
biomedical  research  of  high  quality.   In  addition,  the  DRTC's  include 
training  (of  both  medical  and  allied  health  professionals)  and  information 
transfer  (continuing  education,  model  demonstration,  and  outreach)  components. 

For  both  types  of  centers  the  grant  provides  for  core  facilities  (shared 
resources) ,  pilot  or  feasibility  studies  (new  initiatives) ,  and  limited 
funds  for  program  enrichment,  which  is  intended  to  strengthen  existing 
programs,  increase  productivity,  and  foster  generation  of  new  ideas 
through  collaboration  among  investigators  and  departments.   They  are 
intended  to  provide  an  added  dimension  which  includes  a  capability  and 
potential  for  a  net  accomplishment  greater  than  that  possible  from  the 
individually  funded  research  alone.   Research  projects  are  not  funded  by 
the  center  grant,  and  funding  must  be  obtained  in  the  conventional  manner. 
Support  of  patient  care  (including  patient  education)  and  stipends  for 
trainees  are  not  available  through  the  center  grant. 

The  DERC  is  an  ongoing  program  for  which  applications  are  received  in 
accordance  with  the  regular  research  grant  receipt  day  cycle  of  the  NIH. 
Revised  guidelines  for  the  DRTC's  were  issued  September  1977  and  an  announce- 
ment issued  at  the  same  time  for  an  application  receipt  date  of  January  1, 
1978.   Six  applications  were  received  and  are  currently  being  reviewed. 

The  currently  funded  DRTC's,  all  in  existence  less  than  a  year,  are  making 
commendable  progress  in  implementing  their  proposals.   A  meeting  of 
principal  investigators  and  other  key  center  participants  of  both  DERC's 
and  DRTC's  was  held  in  Boston  in  June  1978  for  the  purpose  of  exchange 
of  ideas,  exploration  of  potential  areas  of  cooperation,  and  discussion 
of  common  problems.   This  meeting  served  a  fruitful  purpose  for  future 
planning  as  several  areas  were  identified  for  further  attention. 


996 


In  addition  center  participants  with  interests  in  education  and  information 
transfer  met  earlier  for  exchange  of  information  and  consideration  of  areas 
of  cooperation.   From  this  meeting,  three  priority  areas  were  identified, 
one  of  which  concerns  patient  registries  or  data  systems.  A  more  in-depth 
meeting  of  experts  in  this  area  from  each  of  the  DRTC ' s  will  be  held  in 
the  early  fall.   Exchange  of  information  on  other  items  was  also  initiated. 

Administrative  officials  from  the  DRTC's  have  been  invited  to  meet  later 
in  the  summer  with  their  counterparts  from  the  Division  of  Research 
Resources-supported  General  Clinical  Research  Centers  (GCRC) .   The  DRTC 
participants  will  also  meet  for  a  half  day  session  after  the  GCRC  meeting. 

Additionally,  in  response  to  a  recommendation  of  the  National  Commission 
on  Diabetes,  NIAMDD,  in  cooperation  with  the  NHLBI,  during  the  past  year 
assembled  an  ad  hoc  committee  to  determine  the  feasibility  and  make 
recommendations  regarding  the  conduct  of  a  clinical  trial  to  evaluate 
the  relationship  of  control  of  blood  glucose  to  the  vascular  manifestations 
of  diabetes.   The  report  of  this  committee  with  its  recommendations  has  been 
accepted  by  the  respective  Institutes.   It  recommends  an  initial  feasibility 
phase  of  study  to  determine  whether  two  significantly  different  levels  of 
blood  glucose  can,  in  fact,  be  attained  by  two  different  therapeutic 
approaches.   Initiation  of  this  clinical  trial  through  the  contract 
mechanism  is  now  underway. 

A  clinical  trial,  the  University  Group  Diabetes  Project,  first  funded  in 
1958,  was  phased  out  during  this  last  year.   All  that  remains  is  a  grant 
to  the  Coordinating  Center  for  additional  analyses  of  data  and  writing 
for  publication.   Although  best  known  for  its  conclusion  that  patients 
on  oral  antidiabetic  drugs  encounter  increased  cardiovascular  mortality, 
the  continued  analyses  of  data  will  yield  valuable  information  relative 
to  the  natural  history  of  diabetes. 
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The  Endocrinology  Program 

The  Endocrinology  Program  of  the  NIAMDD  supports  basic  and  clinical 
studies  relating  to  hormones  from  the  hypothalamus,  pituitary,  thyroid, 
parathyroid  and  adrenal  glands.   Substances  with  hormone-like  activity, 
such  as  the  prostaglandins,  are  also  included.   The  major  emphasis  is  on 
research  into  the  basic  mechanisms  of  hormone  biosynthesis,  secretion  and 
action. 

During  the  past  year,  Nobel  prizes  in  physiology  or  medicine  were  awarded 
to  three  endocrinologists,  two  of  whom  have  been  supported  by  the  Endo- 
crinology Program  for  many  years.   Drs.  Roger  Guillemin,  from  the  Salk 
Institute  and  Andrew  Schally  from  Tulane,  shared  half  of  the  prize  for 
their  independent  work  on  the  isolation  and  purification  of  thyrotropin 
releasing  hormone.   Dr.  Rosalyn  Yalow,  of  the  Mt.  Sinai  School  of  Medicine, 
was  honored  for  her  work  with  Dr.  Solomon  Berson  on  the  development  of 
radioimmunoassay  techniques.   The  Endocrinology  Program  continues  to 
support  the  research  of  these  outstanding  scientists  on  somatostatin,  the 
hypothalamic  and  pancreatic  hormone  which  appears  to  be  implicated  in  the 
clinical  manifestations  of  diabetes,  on  the  endorphins,  brain  substances 
which  seem  to  have  a  variety  of  physiological  influences  on  the  body 
including  an  analgesic,  morphine-like  effect  ,  and  luteotrophin  releasing 
hormone,  a  hormone  essential  in  the  regulation  of  reproduction  and  with 
promising  potential  as  an  effective  and  safe  contraceptive  agent. 

Institute-supported  investigators  have  succeeded  in  producing  somatostatin, 
growth  hormone  and  insulin  using  recombinant  DNA  techniques.   There  is 
hope  that  the  method  will  lead  to  production  of  other  hormones,  preventing 
possible  future  shortages  of  these  and  other  materials. 

The  role  of  the  prostaglandins  as  important  regulators  of  a  variety  of 
bodily  functions,  e.g.,  the  menstrual  cycle,  platelet  function,  blood 
pressure,  and  muscular  activity,  is  emerging.   Researchers  have  synthesized 
a  new  prostaglandin,  a  highly  active  analogue  of  prostacyclin  which  may 
play  a  key  role  in  the  regulation  of  blood  pressure  and  blood  clotting. 
The  analogue  is  superior  to  the  natural  product  in  that  it  has  a  much 
longer  biological  lifetime. 

The  Program  supports  a  broad  spectrum  of  growth  hormone  research. 
Several  studies  are  attempting  to  elucidate  the  mechanism  of  action  of 
growth  hormone.   One  investigator  has  shown  that  removal  of  the  pituitary 
gland  from  an  adult  male  rat  causes  a  complete  abolition  of  alpha  2u 
globulin  synthesis  in  the  liver.   Reversal  of  this  effect  requires 
treatment  with  androgen,  glucocorticoid,  thyroxin  and  growth  hormone. 
Inclusion  of  growth  hormone  resulted  in  a  seven-fold  increase  in  both 
hepatic  and  urinary  concentrations  of  alpha  2u  globulin  and  in  the  hepatic 
concentration  of  the  messenger  RNA  specific  for  this  protein.   This 
evidence  for  a  selective  action  of  growth  hormone  on  the  differential 
regulation  of  a  specific  species  of  messenger  RNA  may  provide  an  im- 
portant lead  in  the  understanding  of  the  mechanism  of  action  of  growth 
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hormone. 

For  some  years  now,  the  diabetogenic  effects  of  growth  hormone  have 
been  recognized,  but  although  growth  hormone  has  been  implicated  in 
the  pathogenesis  of  human  diabetes,  evidence  to  support  this  concept  has 
been  lacking.   Studies  supported  by  the  Endocrinology  Program  indicate 
that  growth  hormone  may  not  be  a  single  hormone  but  rather  a  heterogeneous 
group  of  similar  polypeptides.   These  investigations  suggest  the  existence 
of  at  least  two  biologically  different  forms  of  human  growth  hormone:   one 
form  which  can  be  made  diabetogenic  by  enzymatic  conversion  of  the  molecule 
to  a  two-chain  structure,  and  a  second,  more  abundant,  form  which  is  not 
diabetogenic  when  altered.   In  view  of  this  new  knowledge,  the  role  of 
growth  hormone  in  diabetes  should  be  reevaluated  and  the  Program  plans  to 
support  these  activities. 

Endocrinology-Program-supported  research  indicates  that  the  growth- 
promoting  effects  of  growth  hormone  are  mediated  through  somatomedin;  i.e., 
growth  hormone  stimulates  the  production  of  somatomedin  which  then  pro- 
motes growth.   Recent  studies  have  shown  that  placental  growth  hormone 
can  replace  pituitary  growth  hormone  in  maintaining  circulating  somato — 
medin  concentrations.   Other  studies  from  the  same  laboratory  have 
described  a  new  syndrome  in  man  characterized  by  growth  retardation  and 
the  presence  of  decreased  circulating  levels  of  somatomedin  in  the  face 
of  normal  growth  hormone  concentrations.   This  suggests  the  presence  of 
a  biologically  inactive  endogenous  growth  hormone  in  these  individuals. 

The  Program  also  supports  the  National  Pituitary  Agency  which  collects 
pituitary  glands  from  throughout  the  country,  extracts  growth  hormone  and 
other  hormones  from  them  and  distributes  these  to  the  research  community 
for  basic  and  clinical  studies. 

Adrenocorticotropic  hormone  and  beta-lipotropin,  both  secreted  by  the 
pituitary  and/or  hypothalamus,  have  recently  been  shown  to  share  a 
common  precursor  molecule.   Beta-lipotropin  contains  beta-melanocyte 
stimulating  hormone  and  the  opiate  peptide  beta  endorphin.   It  is  postulated 
that  the  coupled  release  of  these  hormones  from  a  common  pituitary  pre- 
cursor molecule  might  explain  the  observed  simultaneous  rise  and  fall 
of  plasma  beta-melanocyte  stimulating  hormone  and  ACTH,  as  well  as  the 
analgesic  response  which  accompanies  a  rise  in  plasma  levels  of  ACTH  in 
stressed  animals.   This  appears  to  be  one  of  the  first  instances  in  which 
two  or  more  distinct  hormone  activities  have  been  shown  to  be  derived  from 
a  single  precursor. 

Thyroid  stimulating  hormone  (TSH)  in  adults,  is  controlled  by  thyrotropin 
releasing  factor  from  the  hypothalamus.   TSH,  in  turn,  causes  stimulation 
of  the  thyroid  gland  to  secrete  thyroid  hormone.   In  the  fetus,  however, 
it  appears  that  the  TSH  secretion  is  independent  of  the  hypothalamus. 
Recent  studies  in  rats  have  shown  that  while  the  pituitary- thyroid  axis  is 
completely  independent  of  TRH  from  the  hypothalamus,  sufficient  TRH  is 
available  to  the  fetus  from  some  other  source,  most  likely  the  placenta. 
Thus,  a  new  endocrine  function  of  the  placenta  appears  to  have  been 
identified. 
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The  establishment  of  new  methodologies  for  studying  hormone-cell  inter- 
action has  led  to  the  development  of  important  new  knowledge  regarding 
the  mechanism  by  which  the  endocrine  system  regulates  bodily  function. 
Techniques  developed  by  investigators  supported  by  the  Endocrinology 
Program  permit  for  the  first  time  detailed  studies  of  specific  hormone 
receptors  on  a  variety  of  cells  as  well  as  of  the  coupling  of  the 
hormone-receptor  complex  to  other  membrane  and  intracellular  processes 
controlled  by  the  endocrine  system.   Significant  advances  have  been  made 
in  unravelling  the  mechanism  of  action  of  hormones  such  as  insulin, 
glucagon,  ACTH,  parathyroid  hormone,  growth  hormone  and  Cortisol. 
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Metabolic  Diseases  Program 

The  Metabolic  Diseases  Program  supports  basic  research  to  develop  knowl- 
edge required  for  the  understanding  of  many  diseases  including  cystic 
fibrosis,  disorders  of  carbohydrate  and  lipid  metabolism,  obesity,  and 
various  inborn  errors  of  metabolism  which  can  lead  to  catastrophic 
illness  with  diverse  clinical  manifestations,  including  physical  deformities,  ^f' 
mental  retardation,  and  premature  death.  ^ 

A  summary  of  the  significant  achievements  of  the  program  for  FY  78  is  as 
follows: 

Cystic  Fibrosis  (CF) 

During  FY  78,  a  report  entitled  "Cystic  Fibrosis:  State  of  the  Art  and 
Directions  for  Future  Research  Efforts"  was  prepared  for  the  NTH  by  the 
Cystic  Fibrosis  Foundation.   The  congressionally  mandated  study  includes 
a  review  of  the  current  state  of  CF  research,  a  description  of  opportunities 
for  future  research  initiatives,  and  a  summary  of  the  public  and  private 
sector  organizations  involved  in  CF  research.   It  is  expected  that  the 
report  will  serve  as  a  basis  for  NIH  and  NIAMDD  planning  for  CF  research. 

One  of  the  principal  recommendations  in  the  report  is  that  increased 
attention  be  directed  toward  the  development  of  methods  for  detecting 
asymptomatic  heterozygotic  carriers  of  CF  and  for  prenatal  diagnosis 
of  the  disease.   During  FY  78,  a  group  of  Institute-supported  investi- 
gators reported  that  cultured  skin  fibroblasts  from  patients  with  CF 
are  more  resistant  than  normal  cells  to  dexamethasone  toxicity. 
Fibroblasts  cultured  from  obligate  heterozygotes  (carriers)  for  CF  show 
survival  levels  intermediate  to  those  of  normal  cells  and  homozygous  CF 
cells  following  exposure  to  dexamethasone.   Dexamethasone  resistance 
similar  to  that  in  fibroblasts  from  known  CF  homozygotes  was  observed 
in  cells  obtained  by  amniocentesis  from  a  woman  at  risk  of  producing  a 
child  with  CF.   These  preliminary  data  suggest  that  the  phenomenon  of 
dexamethasone  resistance  may  provide  a  useful  means  of  detecting 
heterozygote  carriers  of  CF.   Further  studies  are  now  underway  to  validate, 
simplify  and  improve  the  dexamathasone  survival  assay. 

During  FY78,  a  major  program  initiative  has  been  directed  toward  increasing 
manpower  necessary  to  address  many  of  the  challenges  and  opportunities 
identified  in  the  NIH-CF  Report.   The  Program  coordinated  the  development 
of  a  CF  Program  Announcement  co-sponsored  by  four  Institutes  which  encourages 
investigators  to  submit  applications  in  the  key  research  areas  identified 
in  the  report.   The  announcement  has  been  distributed  world-wide.   The 
Metabolic  Diseases  Program  also  sponsored  a  workshop  to  explore  the  develop- 
ment of  model  systems  for  CF  research.   Unlike  many  human  diseases,  CF 
has  not  been  diagnosed  in  a  laboratory  animal.   It  is  anticipated  that 
the  recommendations  from  this  conference  will  provide  the  basis  for  develop- 
ing programs  to  promote  the  development  of  a  model  system  for  CF  research. 
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Metabolic  Regulation 

It  is  now  well  recognized  that  a  diverse  group  of  regulatory  agents 
(including  catecholamines,  insulin,  steroid  hormones,  thyroid  hormone, 
glucagon)  may  achieve  their  biological  actions  by  altering  the  phosphory- 
lation of  specific  cell  proteins  and  that  protein  phosphorylation  may  play 
a  regulatory  role  in  a  number  of  processes  fundamental  to  the  maintenance 
of  normal  metabolic  homeostasis  including  glycogen  and  lipid  metabolism, 
muscle  contraction,  and  protein  synthesis.   One  group  of  investigators 
supported  by  the  Program  is  examining  the  role  of  phosphorylation- 
dephosphorylation  in  the  control  of  glycogen  synthase,  the  enzyme  which 
controls  the  rate  of  glycogen  formation,  the  energy-rich  storage  form 
of  glucose  in  the  body.   They  have  determined  that  phosphorylation  of  a 
specific  site  on  the  glycogen  synthase  molecule  causes  a  decrease  in 
enzyme  activity,  a  process  which  is  regulated  by  glucagon  and  epinephrine, 
whereas  dephosphorylation  and  activation  of  glycogen  synthase  is  controlled 
by  insulin.   Preliminary  evidence  suggests  that  the  alteration  in 
glycogen  metabolism  which  occurs  in  diabetic  tissues  may  be  associated 
with  a  highly  phosphorylated  form  of  glycogen  synthase.   Two  laboratories, 
working  independently,  have  demonstrated  the  presence  of  a  heat-stable 
protein  inhibitor  of  cAMP-dependent  protein  kinase,  the  enzyme  responsible 
for  phosphorylation  and  activation  of  glycogen  synthase.   This  inhibitor 
may  be  a  key  cell  regulatory  component  and  its  activity  may  be  altered 
in  diabetes.   Radioimmunoassay  methods  are  now  being  developed  to 
measure  fluctuations  of  this  inhibitor  under  both  normal  and  pathologic 
conditions  such  as  diabetes,  obesity  and  the  glycogen  storage  diseases. 

Recent  studies  supported  by  the  Metabolic  Diseases  Program  suggest  that 
calcium  may  play  a  key  role  in  the  regulation  of  cell  function,  particularly 
with  respect  to  the  mechanism  by  which  insulin  regulates  cellular  metabolism. 
Using  calcium  ionophores,  which  increase  the  permeability  of  cell 
membranes  to  calcium  ion,  it  has  been  demonstrated  that  an  increase  in 
cytoplasmic  calcium  concentration  in  adipose  cells  inhibits  lipolysis 
in  a  manner  similar  to  insulin's  antilipolytic  effect.   These  results  are 
consistent  with  the  hypothesis  that  at  least  some  of  insulin's  actions 
are  mediated  through  changes  in  intracellular  calcium. 

Studies  of  glucose-lipid  metabolic  interrelationships  have  provided,  for 
the  first  time,  direct  evidence  for  an  anti-insulin  effect  of  high 
concentrations  of  free  fatty  acids  on  skeletal  muscle.   This  observation 
provides  support  for  the  long-held  but  unproven  "glucose-fatty  acid  cycle" 
hypothesis  which  holds  that  insulin  resistance  in  certain  diabetic 
patients  is  related  to  the  anti-insulin  effects  of  high  blood  fatty 
acid  levels. 

Results  of  other  studies  by  these  same  investigators  show  that  muscle 
contraction,  i.e.,  acute  exercise,  increases  the  rate  of  glucose  uptake 
by  muscle  as  much  as  tenfold,  an  effect  as  great  as  that  seen  with  insulin. 
Furthermore,  muscles  of  rats  that  have  been  trained  by  means  of  a  three- 
month-long  program  of  treadmill  running  have  a  greatly  increased  sensitivity 
to  insulin's  stimulation  of  glucose  uptake,  both  at  rest  and  during 
exercise.   This  finding  may  have  major  relevance  to  the  treatment  of 
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adult-onset  diabetics  whose  muscles  may  be  insulin  resistant. 

In  recent  years,  the  plasma  membrane  of  the  cell  has  come  to  be  regarded 
as  an  important  site  of  metabolic  control.   One  group  of  investigators 
has  been  able  to  demonstrate  striking  changes  in  a  number  of  plasma 
membrane-related  functions  in  response  to  alterations  in  the  fat  and  carbo- 
hydrate content  of  diet.   Rats  fed  a  high-fat  diet  possess  adipose  and 
liver  cells  which  bind  less  insulin  and  transport  less  sugar  than  do 
cells  from  animals  fed  equicaloric  high  carbohydrate  diets.   Moreover, 
they  respond  less  well  to  hormones  involved  in  mobilizing  fat  from 
storage  forms.   In  addition,  fat-feeding  produced  striking  changes  in 
the  "sugar  cloud"  or  "glycocalyx"  attached  to  the  proteins  on  the  outside 
of  the  plasma  membrane,  and  in  several  lipid  constituents  of  the  plasma 
membrane. 

These  basic  studies  increase  our  knowledge  of  two  very  important  human 
afflictions,  obesity  and  diabetes.   In  order  to  understand  the  basic 
mechanisms  involved  in  these  conditions,  more  information  is  needed  about 
the  mechanisms  which  regulate  cell  function  and  metabolism  and  their 
responses  to  hormones  such  as  insulin.   Nutritionally  induced  modifica- 
tions of  cell  function  represent  a  set  of  model  systems  which  will 
contribute  to  a  better  understanding  of  obesity  and  diabetes. 

The  contribution  of  the  metabolic  diseases-supported  research  to  the 
understanding  of  basic  biological  processes  has  been  excellent.   At 
the  present  time,  the  program  is  supporting  the  work  of  three  recipients 
of  the  Nobel  Prize.   Elucidation  of  normal  control  mechanisms  will 
lead  to  understanding  the  diseases  resulting  from  abnormal  cellular 
processes,  including  the  uncontrolled  cellular  growth  rate  associated 
with  cancer  and  the  abnormal  control  of  secretion  associated  with  CF. 
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Manpower  Development  Program  For  Diabetes,  Endocrine  and  Metabolic  Diseases 

The  DEMD  Manpower  Development  Program  provides  grant  support  for  research 
training  in  diabetes,  endocrine  and  metabolic  diseases  through  individual 
National  Research  Service  Award  fellowships  and  institutional  NRSA  train- 
ing grants.   In  addition,  the  program  offers  several  other  types  of 
research  manpower  development  support  through  the  established  Research 
Career  Development  Awards  as  well  as  through  new  Special  Emphasis  Research 
Career  Awards  and  the  recently-announced  New  Investigator  Award  in  Diabetes. 

During  the  past  year,  the  Program  has  reviewed  ongoing  research  training 
efforts  related  to  the  Diabetes,  Endocrine  and  Metabolic  Diseases  Programs 
in  an  effort  to  project  future  manpower  requirements/opportunities  and 
to  develop  appropriate  guidelines  for  planning  future  research  training 
initiatives  in  these  areas.   Based  upon  this  review,  the  Manpower  Develop- 
ment Program  concluded  (1)  that  support  for  research  training  in  diabetes, 
endocrine  and  metabolic  diseases  should  be  expanded  significantly  in  order 
to  increase  the  number  of  qualified  investigators  to  a  point  commensurate 
with  the  many  new  opportunities  for  research  which  are  now  emerging; 
(2)  that  increased  emphasis  should  be  placed  on  attracting  young  M.D.'s 
into  research  careers  in  diabetes,  endocrine  and  metabolic  diseases  through 
increased  support  of  new  institutional  training  programs  as  well  as 
development  of  new  mechanisms  tailored  to  meet  the  specific  needs  of  these 
individuals;  and  (3)  there  is  a  need  to  develop  interdisciplinary  research 
training  mechanisms  in  diabetes,  endocrine  and  metabolic  diseases. 

The  Manpower  Development  Program  has  begun  to  respond  to  these  needs  during 
FY  78.   Among  the  new  activities  which  already  have  been  undertaken  are: 

(1)  issuance  of  a  Program  Announcement  highlighting  opportunities  for  NRSA 
training  support  in  diabetes,  endocrine  and  metabolic  diseases.   This  announce- 
ment received  wide  distribution  throughout  the  biomedical  research  community 
and  resulted  in  the  submission  of  a  substantial  number  of  new  and  innovative 
fellowship  and  training  grant  applications  which  currently  are  undergoing 
scientific  merit  review.   It  is  anticipated  that  a  significant  number  of 
these  applications  will  be  approved  and  funded,  and  that  the  Program  will 
increase  its  support  of  institutional  training  grants  by  more  than  50%; 

(2)  development  of  a  new  Special  Emphasis  Research  Career  Award  (SERCA) 

in  diabetes  sponsored  in  conjunction  with  the  National  Heart,  Lung  and  Blood 
Institute.   The  SERCA  is  designed  to  provide  stable  opportunities  for 
physicians  in  the  earliest  stages  of  their  postgraduate  medical  and  scientific 
careers  to  develop  interdisciplinary  research  interests  and  skills  in  the 
metabolic,  endocrinologic  and  cardiovascular  aspects  of  diabetes  mellitus. 
A  total  of  seven  awards  was  made  to  outstanding  candidates  following  the 
first  SERCA  competition,  and  it  is  anticipated  that  the  award  will  be 
available  on  a  continuing  basis  in  future  years  with  annual  receipt  dates. 
The  Program  expects  that  similar  mechanisms  will  be  developed  in  conjunction 
with  other  Institutes  during  the  coming  year  in  order  to  stimulate  a  further 
expansion  of  diabetes  research  interest  in  other  interface  areas;  and  (3) 
development  of  a  New  Investigator  Award  in  Diabetes  to  attract  and  train 
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new  investigators  in  preparation  for  careers  in  diabetes  research.   This 

grant  will  provide  support  over  a  three  year  period  for  initiation  of 

new  and  scientifically  meritorious  research  projects  by  qualified  individuals 

who  have  not  previously  established  their  own  independent  diabetes 

research  program.    In  addition,  it  is  hoped  that  this  award  will  serve       ( 

to  facilitate  the  transition  from  training  status  to  that  of  independent      4| 

investigator  and  that  the  experience  obtained  by  recipients  of  this 

award  will  help  provide  the  basis  for  successful  subsequent  competition 

in  the  regular  research  support  programs  of  the  NIAMDD. 
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National  Diabetes  Data  Group  (NDDG) 

The  recently  established  National  Diabetes  Data  Group  serves  to  foster  the 

design,  collection  and  analysis  of  data  on  diabetes  so  as  to  allow  a  more 

rational  basis  on  which  to  develop  scientific  priorities  and  plan  public 
health  programs. 

The  NDDG  consists  of  a  nationwide  group  of  expert  advisors  including 
epidemiologists,  individuals  with  expertise  in  the  research,  nutritional  and 
socioeconomics  aspects  of  diabetes,  as  well  as  representations  from  Federal 
(the  National  Institutes  of  Health,  the  Center  for  Disease  Control,  the 
National  Center  Center  for  Health  Statistics  and  the  National  Diabetes 
Advisory  Board)  and  private  agencies  (the  American  Diabetes  Association  and 
the  Juvenile  Diabetes  Foundation) .   Collaboration  among  the  members  of-  the 
Data  Group  should  result  in  the  coordination  and  integration  of  national 
resources  for  the  development  of  diabetes  data. 

Since  much  of  the  needed  data  on  diabetes  is  epidemiologic  in  nature,  the 
Data  Group  has  placed  high  priority  on  the  development  of  epidemiologic 
studies  on  diabetes  and  its  complications.   The  NDDG  has  actively  solicited 
the  epidemiologic  community  for  research  grant  applications  through  a 
special  program  announcement  on  the  epidemiology  of  diabetes,  recently 
issued  by  eight  individual  NTH  Institutes.   The  Data  Group  has  also 
organized  a  session  on  the  epidemiology  of  diabetes,  to  be  presented  at 
the  annual  meeting  of  the  American  Public  Health  Association. 

A  major  problem  in  the  assessment  of  the  nature  and  impact  of  diabetes  is 
the  lack  of  a  satisfactory  diagnostic  and  classification  scheme  for  the 
various  forms  of  diabetes.   This  has  often  resulted  in  the  generation  of 
data  that  is  neither  uniform,  consistent  nor  comparable.   To  address  this 
problem,  the  Data  Group  sponsored,  in  1978,  an  international  work  group 
which  formulated  a  consensus  on  a  functional  classification  of  diabetes 
and  on  appropriate  uniform  criteria  and  nomenclature  to  be  used  as  a  guide 
for  clinical  and  epidemiologic  research  information.   This  classification 
has  been  widely  circulated  among  the  international  diabetes  community  for 
comment.   A  final  version  will  be  prepared  based  on  comments  received  and 
published  in  the  medical  research  literature. 

In  response  to  a  request  from  the  National  Diabetes  Advisory  Board,  the 
Data  Group  prepared  an  analysis  of  the  current  and  projected  supply  and 
demand  for  insulin  in  the  U.S.   Based  on  the  available  data,  it  was  con- 
cluded that  insulin  supply  will  be  adequate  to  meet  demand  at  least  through 
the  end  of  the  20th  Century.   These  results  will  be  reviewed  periodically 
by  the  Data  Group  as  new  data  are  developed. 

The  first  compilation  of  diabetes  data  to  be  developed  by  the  Data  Group 
was  published  and  widely  distributed  among  the  diabetes  community.   This 
compilation,  which  is  expected  to  serve  as  a  reference  for  data  on  diabetes, 
will  be  updated  and  supplemented  periodically. 
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The  National  Diabetes  Information  and  Education 
Clearinghouse 

The  National  Diabetes  Information  and  Education  Clearinghouse  was  newly 
created  by  the  Institute  in  fiscal  year  1978  and  is  just  beginning  to 
establish  its  programs.   The  Clearinghouse  will  serve  as  a  central  resource 
for  the  collection  and  dissemination  of  information  about  educational  and 
scientific  materials,  programs  and  other  resources  relevant  to  diabetes. 
It  will  function  as  a  source  of  information  rather  than  as  a  repository  or 
warehouse,  and  will  serve  and  interact  with  the  Diabetes  Research  and 
Training  Centers,  local  regional  and  national  diabetes  organizations, 
professional  groups,  state  departments  of  health  and  other  federal  agencies. 
Two  national  meetings  of  interested  individuals,  groups  and  agencies  from 
the  private  and  government  sectors  were  convencsd  during  1978  in  an  effort 
to  begin  to  develop  a  consensus  on  needs  and  method  of  approach.   The 
Clearinghouse  is  currently  in  the  process  of  developing  a  means  for 
operational  support  and  appointing  a  national  advisory  group  comprised 
of  expert  advisors  including  physicians,  nurses  and  educators  representing 
federal  and  private  agencies. 


Scientific  Evaluation  Program 
DEMD 

The  mission  of  the  recently  established  scientific  evaluation  program  is 
to  survey  the  progress  toward  the  various  scientific  objectives  of  the 
DE^E>  cluster  and  stimulate  communication  where  and  when  needed.   Much  of 
this  communication  is  across  disciplinary  lines  since  the  most  fundamental 
problems  often  can  be  dealt  effectively  only  with  a  multidisciplinary 
approach.   The  mechanism  of  insulin  action  and  its  alteration  in  insulin- 
resistant  states  such  as  obesity  and  some  forms  of  diabetes  is  illustrative, 
requiring,  for  effective  understanding,  description  in  terms  of  organic 
chemistry,  physical  chemistry,  thermodynamics,  pharmacology,  enzymology, 
pathobiology,  endocrinology,  physiology,  molecular  biology  and  develop- 
mental biology.   In  addition  to  an  intensive  and  thorough  review  of  the 
current  state  of  knowledge  in  this  area  by  the  Program  Director,  a 
series  of  workshops  is  planned  to  stimulate  exchange  of  knowledge  and 
additional  research  in  this  area. 

During  1978,  the  Program  Director  received  the  first  Annual  Research 
Recognition  Award  of  the  Cystic  Fibrosis  Foundation. 
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ARTHRITIS  PROGRAM  AREA 

The  research  grant  and  career  programs  for  fiscal  1978  have  received 
allocations  of  $15.8  million  and  the  total  for  training  was  $1.5  million. 
Comparable  support  for  fiscal  1977  was  $14.7  million  and  $0.99  million 
respectively.   The  51.7%  increase  to  support  training  activities  could  not  be 
anticipated  enough  in  advance  to  permit  the  program  to  generate  adequate 
numbers  of  high  quality  training  applications.   As  a  result,  a  certain  degree 
of  difficulty  will  be  fexperienced  obligating  available  training  funds.   The 
increase  for  the  research  and  career  programs  is  still  a  modest  7.3%  con- 
sistent with  yearly  average  increases  for  the  program  but  still  inconsistent 
with  the  recommendations  for  research  expansion  proposed  by  the  National 
Arthritis  Commission  in  its  long-range  plan  for  arthritis  and  the  National 
Arthritis  Advisory  Board  in  its  Report  to  the  Congress. 

Budget  allocations  within  the  arthritis  program  represent  a  distribution 
of  funds  similar  to  those  made  during  FY  1977  in  percentages  (approximate)  as 
follows:   muscle  and  neuromuscular  research  (20%);  collagen  (16%);  immunology 
associated  with  rheumatic  disease  (15%);  connective  tissue  (11%);  systemic 
lupus  (8%);  rheumatoid  arthritis  (6%);  degenerative  joint  disease  (6%);  and 
all  other  (18%) . 

A  summary  of  the  current  level  of  understanding  in  the  major  areas  of 
interest  within  the  program  for  the  present  year  and  the  contributions  made 
by  investigators  supported  by  the  arthritis  program  follows: 

Rheumatoid  Arthritis.   Rheumatoid  arthritis  is  a  systemic  disorder 
characterized  by  pansynovitis ,  intense  localized  inflammatory  reactions  within 
the  joint  and  tissue  infiltration  by  lymphocytes,  plasmacytes  and  monocytes.  . 
The  synovium  shows  a  marked  infiltration  of  T  cells  and  most  of  the  cells 
recognized  in  the  tissue  lesion  are  recognized  as  immunocompetent  cells.   The 
precise  mechanisms  by  which  lymphoid  cells  and  their  products  actually  produce 
inflammation  and  tissue  destruction  have  not  been  completely  defined. 

The  local  synthesis  or  accumulation  of  prostaglandin  of  the  E  series  has 
been  confirmed  by  indirect  immunofluorescence  techniques.   NIAMDD  support  has 
helped  to  show  that  prostaglandin  is  probably  being  made  in  rheumatoid 
synovial  lining  cells  as  well  as  being  present  in  interstitial  inflammatory 
cells.   The  possibility  is  carefully  being  considered  that  elevations  in 
prostaglandin  within  rheumatoid  synovia  may  represent  a  paradoxical  reaction 
within  the  rheumatoid  tissue  to  subvert  an  effective  inflammatory  response 
itself.   It  is  of  current  great  interest  that  many  drugs  clinically  useful 
for  the  treatment  of  rheumatoid  arthritis  have  shown  potent  anti-prostaglandin 
synthetase  activity.   If  drug  depressed  prostaglandin  synthesis  can  bring 
about  the  restoration  of  a  balanced  and  effective  immune  response,  then  an 
explanation  will  be  at  hand  for  their  ability  to  ameliorate  the  clinical 
manifestations  of  rheumatoid  activity. 

An  association  between  the  histocompatibility  antigen,  HLA-DW4 ,  and 
adult  onset  rheumatoid  arthritis  has  been  confirmed.   Studies  have  shown  that 
different  HLA-D  associations  appear  to  characterize  clinically  distinguishable 
forms  of  arthritis.   The  results  also  suggest  that  immunogenetic  factors  are 
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involved  in  predisposition  for  development  of  rheumatoid  arthritis.   It  can 
be  postulated,  and  is  not  unreasonable,  that  entirely  different  diseases  may- 
be capable  of  producing  inflammatory  arthritis  and  that  different  immuno- 
genetic  factors  may  be  associated  with  such  different  conditions.   It  cer- 
tainly seems  to  be  true  of  adult  and  juvenile  onset  rheumatoid  arthritis  and 
probably  also  of  the  clinically  distinguishable  varieties  of  rheumatoid 
arthritis  occurring  in  children. 

Osteoarthritis .   Osteoarthritis  encompasses  a  group  of  arthritides 
characterized  by  cartilage  degeneration  and  bony  overgrowth  and  a  relative 
paucity  of  inflammatory  response  when  compared  with  other  forms  of  arthritis. 
Encouraging  progress  is  being  made  through  the  increased  information  that  has 
occurred  in  joint  biomechanics,  the  cell  and  organ  culture  of  cartilage,  and 
experimental  models  of  osteoarthritis  in  animals.   Refined  biochemical  tech- 
niques, to  accommodate  minute  tissue  samples  and  the  ability  to  correlate 
tissue  changes  biochemically  with  biomaterial  qualities  have  provided  new 
possibilities  for  productive  studies  in  this  disease.   A  number  of  influences, 
both  chemical  and  physical, relating  to  normal  and  pathologic  metabolism  of 
cartilage  can  be  defined.   Still  undetermined,  however,  is  the  precise  and 
definite  role  that  these  influences  play  in  cartilage  metabolism  and  in  the 
development  of  degenerative  joint  disease.   Studies  using  the  partial  menis- 
cectomy animal  and  other  models  that  simulate  the  human  disease  model  have 
proved  helpful  in  further  understanding  the  components  of  the  osteoarthritic 
process  and  in  evaluating  therapeutic  agents.   Two  biochemical  defects  have 
been  identified  which  serve  as  bases  for  the  observed  aggregation  defects  of 
articular  cartilage  proteoglycans  in  osteoarthritis.   In  some  cases  there 
appears  to  be  an  abnormality  in  tissue  hyaluronic  acid  and  the  proteoglycans 
are   unable  to  interact  normally  with  high  molecular  weight  hyaluronic  acid. 
In   other  cases  the  aggregation  defect  appears  to  reside  in  the  proteoglycans 
themselves  which  are  unable  to  interact  with  hyaluronic  acid  in  vitro.   Sep- 
arate studies  have  shown  that  the  breakdown  of  proteoglycan  complexes  and 
collagen  fibers  in  human  articular  cartilage  may  be  attributed,  at  least  in 
part,  to  proteolytic  enzymes  present  in  matrix  and  presumably  derived  from 
chondrocytes.   Collagen  is  digested  by  a  specific  collagenase  and  the  proteo- 
glycans may  be  digested  by  cathepsin  D.  It  does  not  appear  that  cathepsin  D 
can  act  outside  the  liposomal  system  or  beyond  the  cell  surface  because  of 
its  low  pH  optimum.   Evidence  has  been  presented  for  the  presence  of  a  group 
of  metabloproteases  of  low  molecular  weight  that  diffuse  through  the  matrix 
and  digest  proteoglycans  at  neutral  pH.   The  activity  from  human  cartilage 
has  been  purified  and  is  activated  by  cobalt,  zinc,  and  iron. 

Gout  and  Other  Metabolic  Disorders.   Patients  with  inborn  errors  of 
purine  metabolism  may  present  with  a  variety  of  disease  states  ranging  from 
gout  to  severe  combined  immunodeficiency  disease.   Adenosine  deaminase 
deficiency  and  purine  nucleoside  phosphorylase  deficiency  are  two  inborn 
errors  of  metabolism  associated  with  the  severe  impairment  of  Ijrmphoid 
growth  and  development.   Three  fibroblast  lines  have  been  found  from  adenosine 
deaminase-def icient  children,  one  of  which  contained  material  lacking  catalytic 
activity  but  reacting  with  antibody  to  normal  adenosine  deaminase,  consistent 
with  the  presence  of  structurally  altered  enz3me  molecules.   Inhibition  of 
adenosine  deaminase  with  a  synthetic  inhibitor  or  with  inosine  could  poten- 
tiate the  toxic  effects  of  exogenous  adenosine  on  human  lymphocyte  trans- 
formation. 
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Systemic  Lupus  Erythematosus.   The  pathologic  and  immunologic   matures 
of  the  spontaneous  autoimmune  disease  observed  in  hybrid  mice  resemble  human 
systemic  lupus  erythematosus.   Genetic,  viral,  and  hormonal  factors  are 
involved  in  a  pathogenetic  mechanism  that  is  manifest  primarily  as  a  dis- 
turbance in  immunologic  regulation.   Studies  on  the  sequential  development 
of  immunoglobulin  antibodies  to  DNA  and  RNA  suggest  that  the  thymus,  spleen, 
and  gonads  exert  important  regulatory  influences.   It  has  been  shown  that  sex 
hormones  modulate  the  expression  of  autoimmunity,  with  androgens  suppressing 
and  estrogens  accelerating  disease,  perhaps  by  restoring  immunologic  control. 
With  regard  to  the  occurrence  of  viruses  in  patients  with  SLE,  it  appears 
that  the  part  they  play  must  remain  hypothetical.   Negative  results  in  some 
laboratories  combined  with  an  increased  understanding  about  the  complexity  of 
interactions  between  host  genetic  factors,  the  immune  response,  microbial 
agents,  and  other  environmental  factors  give  rise  to  the  conclusion  that 
microbial  agents  may  not  be  the  prime  cause.   A  multifactorial  theory  seems 
to  apply  with  animal  models  of  virus-induced  immunologic  disease,  where 
genetic  and  other  environmental  factors  are  also  crucial. 

A  central  point  emerging  from  studies  in  patients  with  either  systemic 
lupus  erythematosus  or  rheumatoid  arthritis  is  that  both  groups  have  fre- 
quencies of  certain  major  histocompatibility  complex  determinants  that  are 
distinct  from  those  found  in  normal  subjects.   The  frequencies  of  these 
determinants  in  each  disease  group  stand  in  contrast  with  those  of  the  other, 
implying  that  immunogenetic  factors  are  entirely  distinct  for  each  disease. 
Preliminary  observations  led  to  the  recognition  of  a  histocompatibility 
complex  antigen  which  was  partially  defined.   Attempts  toward  better  defini- 
tion of  this  complex  are  suggesting  that  the  determinants  are  evolutionary 
closely  related  and  may  have  arisen  from  a  common  phylogenetic  precursor 
molecule  by  mutation. 

Finally,  continuing  interest  in  antilymphocytic  antibodies  in  SLE  relates 
in  part  to  data  from  studies  suggesting  a  causal  role  in  the  abnormal  immune 
system  function  in  this  disorder.   Indirect  evidence  supports  the  possibility 
of  either  (1)  antibody-mediated  lymphocyte  depletion  or  (b)  antibody  blockade 
of  surface  receptors.   While  the  possibility  that  antilymphocyte  antibodies 
represent  serum  markers  for  virus  infection  in  the  etiology  of  SLE  is  still 
a  controversial  question,  further  study  is  warranted.   It  might  yet  reveal 
viral  or  genetically  determined  "SLE-specif ic"  lymphocyte  surface  antigens. 
Antilymphocyte  antibodies  may  have  the  potential  for  mediating  tissue  injury 
in  SLE. 
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BONE  DISEASES  PROGRAM 

Basic  and  clinical  studies  of  the  skeleton  under  normal  and  disease 
states  are  included  in  the  NIAMDD  -  Bone  Disease  Program.   The  total  budget 
of  $10,830  million  for  FY  78  supports  a  few  more  grants  of  all  types  over 
last  year.   Among  the  new  awardees  are  some  new  investigators  with  innovative  ^ 
ideas.   Last  year,  the  Clinical  Investigator  Award  was  introduced  to  attract   A 
young  orthopedists  into  research.   Although  the  initial  response  to  this 
program  was  modest,  we  are  now  supporting  three  superb  individuals  under 
this  new  award.   Even  though  the  number  of  individual  Fellowships  is  larger 
than  it  was  last  year,  we  would  welcome  more  candidates.   The  number  of 
research  applications  in  the  bone  diseases  area  received  has  almost  doubled 
in  two  years.   As  a  result,  only  a  small  number  of  the  very  best  applications 
can  be  funded  considering  the  limited  resources. 

There  are  several  research  areas  within  the  Program  in  which  progress 
has  been  slow  and  where  new  ideas  for  addressing  the  problems  are  needed. 
Some  of  the  means  to  overcome  these  problems  are  as  follows: 

In  February  1978,  under  the  sponsorship  of  NIAMDD,  NIDR  and  NIA,  "A 
Strategy  Workshop  on  Osteoporosis"  was  held.   Leaders  in  the  areas  throughout 
the  world  convened  for  a  two-and-one-half  day  meeting  in  Bethesda.   Hopefully, 
from  this  workshop,  new  ideas  will  emerge  for  solving  difficult  problems  in 
osteoporosis. 

The  NIAMDD  together  with  the  Research  Committee  of  the  American  Academy    ^ 
of  Orthopedic  Surgeons  have  identified  several  areas  where  major  problems      ^ 
exist  and  where  advances  could  be  made  through  comprehensive  discussions  by 
experts  at  workshops.   The  first  of  these  workshops  on  "Mechanical  Failure  of- 
Total  Joint  Replacement"  was  held  in  May  1978.   The  next  workshop  of  this 
type  on  the  "Electrical  Stimulation  of  Bone  Healing",  is  scheduled  to  take 
place  in  the  Spring  of  1979. 

The  NIAMDD  has  also  supported  some  small  workshops  on  selected  topics. 
They  include:   (1)   A  Workshop  on  Spinal  Cord  Monitoring  in  September  1977; 
(2)   A  Conference  on  Mineral  Metabolism  in  Children  in  May  1978;  (3)   A 
Second  Conference  on  Matrix  Vescicle  Calcification  in  June  1978;  and  (4)   The 
Second  International  Symposium  on  Osteoporosis  at  the  Endocrine  Society 
Meetings  in  June  1978. 

In  February  1978,  a  contract  was  awarded  to  Johns  Hopkins  Medical  School 
in  the  amount  of  $384,592  to  set  up  an  Intramural  Orthopedic  Research  Unit. 
This  was  a  provision  of  the  National  Arthritis  Act.   When  the  Clinical  Center 
addition  (the  Ambulatory  Care  Research  Facility)  is  completed,  this  unit  will 
move  to  Bethesda.  ^k 

Major  research  findings  resulting  from  support  of  the  NIAMDD  bone 
diseases  program  during  FY  78  include: 

Bone  Metabolism:   A  grantee  from  The  Children's  Hospital  in  Boston  has 
shown  that  phosphoproteins  of  human  bovine,  chicken  and  rabbit  bone  which 
are  soluble  in  EDTA  and  at  a  neutral  pH,  contain  significant  amounts  of 
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0-phosphothreonine  in  addition  to  o-phosphoserine.   This  represents  the  first 
instance  in  which  o-phosphothreonine  has  been  identified  in  the  structural 
proteins  of  mineralized  tissues  and  adds  another  factor  which  distinguishes 
the  phosphoproteins  of  bone  from  those  of  dentine  and  enamel. 

A  group  at  the  Mayo  Clinic  under  NIAMDD  support  has  devised  an  experi- 
mental technique  to  measure  small  concentrations  of  radioactively  tagged 
penicillin  and  gentamicin  in  canine  cortical  bone  and  in  the  serum  of  the 
general  circulation  after  implantation  with  Palacos  R  bone  cement.   This 
cement  allows  sufficient  antibiotic  penetration  of  bone  to  get  effective 
levels  without  toxicity. 

This  technique  is  a  more  precise  method  than  previously  used  and  also 
requires  a  much  smaller  sample  for  determination.   It  is  useful  in  controlling 
bone  infections. 

Grantees  from  the  University  of  Kansas  School  of  Medicine  are  studying 
the  actions  of  1,25  dihydroxy  calciferol  (1,250H^D^)  and  parathormone,  both 
effective  bone-resorptive  agents  in  vivo  and  in  vitro,  on  osteoclast-like 
and  osteoblast-like  bone  cells.   Data  suggest  that  l,25(OH)^D   and  parathormone 
induce  bone  resorption  by  affecting  the  same  cells  (osteoblasts  and  osteoclasts) ; 
however,  these  occur  at  different  cell  sites. 

In  a  study  designed  to  de'  elop  improved  treatment  for  osteoporosis, 
investigators  at  Creighton  University  have  shown  that  calcium  absorption 
increases  with  increased  calcium  intake,  and  calcium  balance  is  more  positive 
as  the  calcium  intake  increases.   Also,  loss  of  calcium  at  menopause  results 
in  an  increase  in  bone  mineral  accretion  and  resorption,  with  greater  increase 
in  the  latter.   When  calcium.- supplementation  was  compared  with  treatment  using 
an  estrogen/androgen  combination,  the  results  showed  either  form  of  treatment 
decreased  age-related  bone  loss. 

A  grantee  from  the  University  of  California  at  San  Diego  has  devised  a 
multiple  assay  system  for  human  calcitonin.   He  has  discovered,  with  this 
assay,  that  (1)  low  concentrations  of  calcitonin  are  secreted  in  normal 
adults  and  (2)  in  several  disease  states,  abnormal  secretion  or  metabolism 
of  the  hormone  occurs.   The  disease  states,  in  addition  to  malignancies, 
include  renal  diseases,  metabolic  bone  diseases,  such  as  Paget 's  disease  and 
osteitis  fibrosa  cystica,  and  hypercalcemia  due  to  other  causes. 

Cartilage  -  Structure,  Enzymes  and  Degradation:   Studies  at  the 
Massachusetts  General  Hospital  in  Boston  on  degenerating  cartilage  in 
osteoarthritis  have  found  an  increased  production  of  proteoglycan  degener- 
ative enzymes  and  collagen.   Since  this  may  reflect  chondrocyte  differen- 
tiation to  a  chondroblastic  precursor,  the  grantee  has  been  investigating 
whether  different  populations  of  chondrocytes  have  different  metabolic 
functions.   The  study  suggests  that  in  mature  articular  cartilage,  there 
are  different  populations  of  chondrocytes  with  different  levels  of  metabolic 
activity.   The  most  active  cells  are  located  deep  in  the  cartilage  matrix, 
just  above  the  calcified  zone.   This  high  level  of  activity  does  not  appear 
to  be  primarily  concerned  with  proteoglycan  production. 
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The  same  grantee  is  also  attempting  to  determine  if  there  is  a  population 
of  chondrocytes  more  concerned  with  degradation  than  with  repair  of  tissue. 
Articular  cartilage  chondrocytes  were  isolated  and  analyzed  for  lysosomal 
enzyme  content  and  activity,  to  determine  whether  a  group  of  cells  has 
increased  degradation  activity.   Based  on  previous  data  from  this  labora- 
tory, larger  cells  that  fall  to  the  bottom  of  a  Ficoll  gradient  are  actively 
synthesizing  RNA.   As  a  consequence,  this  grantee  puts  forth  the  hypothesis    jftC 
that  cells  at  the  bottom  of  the  gradient  with  higher  lysosomal  enzyme  content 
may  function  in  a  degradative  capacity. 

A  quantitative  method  for  measuring  proteoglycan  release  was  devised 
using  bovine  nasal  cartilage  discs  and  synovial  explants  in  an  organ  co- 
cultivation  system  by  a  grantee  from  The  Robert  B.  Brigham  Hospital,  Boston. 
Synovia  from  human  rheumatoid  or  rabbit  antigen-induced  arthritis  signifi- 
cantly stimulated  the  release  of  proteoglycans.   These  experiments  demonstrate 
that  significant  degradation  of  cartilage  is  induced  immediately  after  the 
addition  of  inflamed  synovium,  and  suggest  that  a  la'g  in  the  response  may  be 
due  to  products  which  do  not  readily  form  ionic  complexes. 

An  NIAMDD  grantee  from  the  University  of  California  at  San  Diego 
studying  the  biochemical,  bioengineering,  and  morphologic  aspects  of  the 
mechanisms  of  joint  contracture  elucidated  a  protective  effect  of  a  low 
dosage  of  D-penicillamine  on  an  immobilized  rabbit  knee.   There  was  a 
significant  decrease  in  formation  of  collagen  cross-links  in  both  the  con- 
trol and  immobilized  knees  in  the  treated  animals,  as  compared  to  the 
untreated  knees.   This  is  the  first  instance  where  it  was  shown  that  in  vivo    ^ 
administration  of  penicillamine  directly  inhibits  cross-linking  reactions  in    (^■ 
collagen  structure.  ^ 

In  experimentally  induced  osteoarthrosis,  the  rate  of  deposition  of 
labelled  collagen  and  proteoglycans  has  been  shown  to  increase.   Studies  also 
suggest  a  change  in  the  quality  of  the  newly  made  collagen  and  proteoglycans. 
A  study  at  the  Children's  Hospital  in  Boston  recorded  chemical  changes  in 
cartilage  after  meniscectomy  (a  surgical  procedure  which  reproducibly  induces 
secondary  osteoarthrosis).   Because  the  joint  incongruity  and  early  cartilage 
lesions  are  restricted  to  the  operated  compartment  of  the  knee,  focal  bio- 
chemical changes  might  be  expected  on  that  side.   However,  biochemical  changes 
were  uniformly  distributed  throughout  the  articular  cartilage  of  the  knee  at 
8  weeks  though  a  focal  trend  was  developing  by  12  weeks.   These  findings 
suggest  that  both  altered  mechanical  stress  and  biochemical  factors  are 
important  during  the  early  stages  of  development  of  osteoarthrotic  lesions. 

Other  grantees  are  investigating  the  significance  of  prostaglandins  as 
potential  agents  to  alter  articular  cartilage  metabolism.   The  inhibition  of 
the  synthesis  of  certain  prostaglandins  by  non-steroidal  anti-inflammatory 
agents  has  implicated  prostaglandins  in  the  pathogenesis  of  inflammatory       m^ 
disease  states.   Clinical  observations  have  established  the  anti-inflammatory   \7 
effects  of  aspirin  and  indomethacin  in  the  therapy  of  rheumatoid  arthritis. 
Recently,  this  group  has  discovered  that  (1)  prostaglandins  derived  from 
rheumatoid  synovium  inhibit  the  metabolism  of  articular  cartilage;  (2) 
temperature  modulates  prostaglandin  synthesis  in  articular  cartilage  chon- 
drocytes; and  (3)  prostaglandins  produce  an  effect  on  the  regulation  by 
indomethacin  on  RNA  synthesis. 
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Fractures  and  the  Healing  Process:   Grantees  at  the  University  of 
Pennsylvania  have  been  studying  electrically  induced  osteogenesis  both  in 
animals  and  in  patients  with  fracture  non-unions.   The  effective  amplitude 
range  is  narrow  (5-20  uamps) ;  a  lower  dose  produces  no  osteogenesis  and  a 
larger  dose  produces  tissue  necrosis.   Applying  the  principle  that  the  active 
part  of  the  cathode  is  limited  to  the  insulation-bare  wire  junction,  a 
cathode  was  designed  which  contained  eight  such  active  sites.   This  device 
significantly  increases  the  amount  of  new  bone  formed  as  a  result  of 
electrically  induced  osteogenesis. 

Prostheses  and  Biomaterials:   Replacement  of  diseased  joints  by  pros- 
theses has  been  the  most  revolutionary  achievement  in  the  orthopedics  area 
during  the  past  decade.   It  has  been  estimated  that  in  1977,  200,000  diseased 
hips  and  100,000  diseased  knees  were  replaced  by  prostheses.   However, 
loosening  of  these  artificial  joints  is  said  to  occur  in  10  -  15  percent 
of  the  cases  over  a  seven-year  period  following  insertion.   Consequently, 
many  applications  have  been  submitted  on  the  kinematics  and  biomechanics  of 
joints,  and  the  development  of  better  biomaterials  and  wear  properties  of 
prostheses. 

An  NIAMDD  grantee  has  conducted  research  to  determine  quantitatively  the 
influence  which  variations  in  surgical  techniques  have  on  the  strength  of 
attachment  of  the  femoral  component  in  prosthetic  hip  replacements  using 
PMMA  cement  fixation.   Concern  in  this  area  has  risen  recently  due  to  the 
growing  number  of  fatigue  fractures  of  the  metal  femoral  head  prostheses. 
It  is  uncertain  whether  or  not  improvements  in  fixation  can  reduce  fatigue 
fracture  but  attempts  to  improve  attachment  by  cleaning  the  medullary  cavity 
have  been  recommended.   Greater  improvement  was  obtained  by  thorough  drying 
of  the  cavity  than  by  either  cleaning  alone  or  the  use  of  thin  cement. 

When  moving  parts  come  into  contact,  wear  occurs.   A  grantee  at  the 
University  of  Pittsburgh  has  devised  a  technique  for  analysis  of  wear 
particles  in  synovial  fluid  aspirants  of  normal  and  osteoarthritic  joints. 
Wear  particles  within  the  synovial  fluid  specimen  correlate  with  the  rate 
and  mechanism  of  wear,  as  confirmed  by  examination  of  the  joint  implant  or 
articular  surfaces.   This  is  a  useful  method  of  studying  rate  mechanisms  and 
biological  response  to  wear  in  both  arthroplastic  and  degenerative  joints. 
It  holds  promise  not  only  as  a  test  for  wear  and  toxicity,  but  also  as  a 
means  to  assist  in  the  selection  of  materials  and  designs  for  improved 
articular  implants. 

An  NIAMDD  grantee  at  Tufts  University,  in  evaluating  failures  of 
orthopedic  implants,  has  shown  that  thin  rods  and  plates  of  vitallium- 
type  cast  alloys  have  superior  physical  properties  to  stainless  steel, 
while  tensile  yield  strengths  excel  the  levels  in  all  other  current  types 
of  implants. 
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DERMATOLOGY  PROGRAM  AREA  ^^ 

Documentation  of  research  and  research  support  in  dermatology  is  less 
precise  than  the  prevalent  data  of  the  1971-74  National  Health  and  Nutrition 
Survey,  which  show  a  large  portion  of  the  population  to  be  affected  by 
disabling  and  disfiguring  skin  diseases.   Recently  it  became  clear  that 
there  is  a  great  need  for  intensive  review  of  efficacy  of  prevailing  dJL 

treatments,  the  spectrum  and  adequacy  of  current  research,  and  a  penetrating    ' 
reappraisal  of  the  priorities  and  needs  for  research  directed  at  prevention 
and  improvement  of  the  quality  of  life,  as  well  as  the  restoration  of 
disabled  people  to  gainful  roles  in  society.   For  these  reasons,  the  Senate 
Appropriations  Committee  recommended  that  the  Institute  Initiate  and  support 
studies  to  determine  the  research  needs  and  priorities  in  the  field  of 
dermatology.   In  response  to  this  mandate,  the  Institute  awarded  a  contract 
to  the  University  of  Washington  for  such  an  analysis.   The  contract  was 
awarded  in  April  of  1977  and  will  be  completed  in  April  of  1979,   The 
analysis  of  priorities  and  needs  for  research  in  dermatology  is  on  schedule 
and  a  full  report  will  be  available  shortly. 

Actions  that  may  be  expected  as  a  result  of  this  evaluation  will  center 
primarily  on  the  forward  planning  and  direction  of  the  dermatology  program 
activities  within  the  NIAMDD.   Dermatology  interlocks  with  program  interests 
of  many  other  institutes;  effective  planning,  therefore,  will  include 
identification  of  reasonable  research  priorities  in  skin  cancer  (NCI) , 
infection,  allergy  and  inflammation  (NIAID) ,  and  photo-allergy,  photo- 
toxicity, and  occupational  dermatitis  (NIOSH) .  ^s 

Psoriasis  ^- 

At  least  one  million  Americans  are  victims  of  psoriasis,  a  chronic 
recurrent  scaling  disease  of  the  skin,  that  can  physically  and  emotionally 
debilitate  its  victims.   Although  treatments  are  available  to  suppress  the 
disease,  it  is  neither  preventable  nor  curable  at  the  present  time.   The 
uncontrolled  rapid  growth  of  skin  in  psoriasis  is  thought  to  be  secondary 
to  some  unknown  biochemical  stimulus.   Further  research  is  required  to 
identify  which  cells  are  stimulated  in  psoriasis,  the  biological  and 
biochemical  parameters  of  the  response,  and  the  therapeutic  means  to 
prevent  or  restore  these  rapidly  growing  cells  to  their  native  state.   The 
rationale  for  a  multi-pronged  attack  on  psoriasis  justifies  the  use  of 
various  NIAMDD  support  mechanisms,  including  contracts  and  project  grants. 
The  collaborative  clinical  evaluation  of  selected  topical  drugs  for 
psoriasis  therapy  has  been  completed  by  investigators  at  the  University  of 
Miami,  and  a  proposal  will  be  submitted  shortly  summarizing  the  results  of 
the  testing  and  will  propose  a  Phase  II  more  broadened  clinical  testing 
program. 

The  second  year  of  a  five-year  follow-up  of  psoriasis  patients  treated 
with  psoralen,  a  photosensitizing  drug,  and  long  wave  ultraviolet  light 
has  just  been  completed.   Thus  far  the  1,200  patients  have  not  demonstrated 
any  gross  abnormal  pathologic  changes.   There  is  no  evidence  of  damage  to 
the  lens  due  to  PUVA  therapy.   In  conjunction  with  the  clinical  studies. 
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the  NIAMDD  is  supporting  basic  research  projects  on  the  effects  of  PUVA 
therapy,  including  an  examination  of  sister  chromatid  exchanges  as  a  tool 
for  examining  potential  mutagenicity. 

Vitiligo 

There  has  been  some  response  to  the  Institute-initiated  activities  in 
vitiligo.   Following  a  request  for  vitiligo  applications,  the  Institute  has 
received  a  large  consortium  grant  application  involving  Yale  University, 
Howard  University,  Harvard  University,  and  the  University  of  Pennsylvania. 
This  combined  proposal,  which  will  involve  basic  as  well  as  clinical  and 
sociological  studies  of  vitiligo,  is  currently  undergoing  review.   An 
application  from  the  Harvard  University  Dental  School  proposing  additional 
studies  into  the  pathophysiology  of  pigmentation  has  also  been  received. 

Eczematous  Diseases 

Approximately  one-third  of  all  patients  seen  by  dermatologists  suffer 
from  some  form  of  eczema.   Recent  contributions  of  research  in  iramunobiology , 
immunochemistry ,  and  immunopathology  have  provided  a  better  understanding  of 
some  of  the  allergic  mechanisms  of  eczematous  diseases.   It  appears  that  in 
many  cases  of  allergy  the  skin  serves  as  a  specific  target  organ  in  the 
immunologic  process  of  allergic  reactions.   During  the  next  fiscal  year  the 
Institute  will  consider  support  of  a  second  NIH-supported  workshop  on 
immunodermatology . 

Brief  highlights  of  other  current  supported  research  sponsored  by  the 
Dermatology  program  area  are  as  follows: 

Porphyria 

NIAMDD-supported  research  projects  continue  to  gain  additional  insight 
into  the  pathophysiologic  mechanisms  which  may  relate  abnormalities  of 
porphyrin  metabolism  to  cutaneous  photosensitivity.   Immunohistochemical 
techniques  are  being  developed  for  localizing  tissue  porphyrin-binding 
proteins.   Investigators  are  also  developing  data  relating  distribution  of 
plasma  and  erythrocyte  porphyrin  levels  with  cutaneous  photosensitivity  in 
protoporphyric  patients  before  and  during  therapy  with  beta  carotene. 

Blistering  Diseases 

As  reported  previously,  NIAMDD-supported  grantees  described  the 
secretion  of  collagenase  from  human  skin  fibroblasts.   Investigations  are 
now  underway  to  define  the  mechanisms  by  which  human  cells  regulate  the 
synthesis,  secretion,  degradation,  and  activity  of  collagenase  and  thus  of 
connective  tissue  metabolism  in  general.   Epidermolysis  bullosa  is  a 
disabling  and  sometimes  lethal  blistering  disease  of  children  and  adults. 
Although  the  etiology  of  epidermolysis  bullosa  is  unknown,  recent  studies 
have  suggested  that  an  increase  in  collagenase  activity  might  be  important 
in  the  pathogenesis  of  blistering.   The  therapeutic  implications  of  these 
observations  are  obvious  and  this  is  being  pursued  actively  by  grantees. 
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Ichthyosis 

Ichthyosis  describes  a  group  of  genetically  determined  human  diseases 
involving  the  epidermis;  they  are  model  diseases  for  understanding  more 
common  epidermal  diseases  such  as  psoriasis.   In  one  form  of  ichthyosis, 
grantees  have  observed  that  there  is  a  molecular  abnormality  in  the 
conformation  of  the  major  epidermal  structural  proteins.   The  characterization 
of  these  structural  proteins  will  provide  further  understanding  of  the 
molecular  basis  of  inherited  diseases  of  the  epidermis. 

Acne 

Acne  is  the  most  common  disease  seen  in  dermatologic  practice.   Almost 
all  males  and  approximately  80%  of  females  develop  acne  to  some  degree  in 
the  second  and  third  decades  of  life.   Control  of  the  sebaceous  gland 
activity  through  the  influence  of  estrogens,  anti-androgens ,  antibiotics, 
free  fatty  acid  levels,  and  membrane  receptor  sites  are  some  of  the  areas 
currently  being  examined  by  grantees.   The  objective  of  one  of  these  studies 
is  to  delineate  the  molecular  events  involved  in  the  differentiation  of  the 
sebaceous  cell  and  to  establish  the  mechanisms  which  control  these  events. 
Only  recently  have  investigators  achieved  the  technologic  sophistication  to 
study  separated  sebaceous  gland  cells.   They  are  now  able  to  initiate 
studies  to  characterize  chemically  the  various  lipid  components  present  in 
the  cells  and  gland  secretions  as  opposed  to  previous  total  gland  assays. 

Pemphigus  and  Related  Diseases 

The  major  blistering  diseases  of  the  skin  include  pemphigus,  bullous 
pemphigoid,  dermatitis  herpetiformis,  and  toxic  epidermal  necrolysis.   The 
basic  defect  that  would  explain  why  cells  in  the  skin  lose  their  adhesive 
powers  has  not  been  elucidated;  however,  in  certain  of  the  diseases  grantees 
have  demonstrated  clear  immunologic  aberrations  while  in  others  drugs  and 
possibly  bacterial  toxins  have  been  implicated  as  the  offending  agents. 
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ASSOCIATE  DIRECTOR'S  AIJNUAL  REPORT 
National  Commission  on  Digestive  Diseases 


The  National  Commission  on  Digestive  Diseases  is  completing  its  data  gathering 
phase  and  is  preparing  recommendations.   It  has  conducted  a  broad  and  care- 
ful analysis  in  response  to  its  charge  from  Congress. 

The  Subcommittee  on  Epidemiology  and  Impact  has  examined  the  incidence,  the 
prevalence,  the  distribution,  and  the  socioeconomic  impact  of  digestive  dis- 
ease and  described  the  interacting  roles  of  major  causative  factors — nutri- 
tional, behavioral,  genetic,  and  environmental.   The  Subcommittee  on  Education 
has  addressed  the  problems  of  the  education  of  the  public,  patients,  medical 
students,  digestive  disease  specialists,  primary  care  physicians  and  other 
specialists,  and  information  exchange  with  the  government,  and  with  labor, 
industry,  and  other  non-governmental  groups.   The  Subcommittee  on  Health 
Care  Delivery  has  addressed  the  problems  of  health  manpower  needs,  diagnostic 
criteria  and  standardized  nomenclature,  diagnostic  procedures,  evaluation  of 
treatments,  specialised  clinical  centers,  and  other  systems  of  health  care 
delivery.   The  Subcommittee  on  Research  has  involved  some  150  scientists  in 
the  preparation  of  its  report.   A  Basic  Science  Subgroup  obtained  reports  on 
cell  organelles,  cell  membranes,  gastrointestinal  endocrinology,  metabolic, 
biochemical  and  genetic  aspects  of  liver  function,  metabolism  of  drugs  and 
carcinogens  in  liver  and  intestine,  immunology,  virology  and  oncology.   A 
Committee  on  Clinical  Research  obtained  reports  on  diseases  of  the  esophagus, 
stomach,  intestine,  colon,  pancreas,  biliary  tract  and  liver,  with  additional 
reports  on  cancer,  instrumentation,  psychosocial  forces,  and  risks  to  human 
subjects.   Other  subgroups  reported  on  research  centers,  clinical  trials, 
detection  screening  and  prevention,  and  surveillance  of  opportunities  for 
research.   A  fifth  committee  concerned  itself  with  prevention  of  digestive 
diseases  and  a  sixth  with  cost  containment. 

In  addition  to  the  reports  of  workgroups  in  the  many  areas  listed  above,  the 
Commission  has  material  submitted  at  public  hearings  in  ten  cities.   This 
material  was  supplied  by  patients,  their  families,  physicians,  and  a  large 
group  of  experts.   Further,  an  advisory  panel  including  professional  groups 
not  represented  on  the  Commission,  reviewed  and  commented  on  the  workgroup 
reports.   On  the  basis  of  its  findings,  the  Commission  must  now  make  recommen- 
dations for  a  long  range  plan  to  deal  with  digestive  diseases. 


Digestive  Diseases  Coordinating  Committee 

The  Digestive  Diseases  Coordinating  Committee  has  prepared  a  report  on  the 
digestive  disease  activities  of  each  of  the  member  agencies,  bureaus  or 
institutes.   This  includes:   l)  a  statement  of  mission,  2)  a  general  descrip- 
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tion  of  its  activities  and  organization,  3)  a  description  of  the  agencies'     " 
activities  relevant  to  digestive  diseases,  and  h)    a  listing  of  specific  grants 
and  projects  in  digestive  diseases  and  an  indication  of  funds  budgeted  for 
digestive  diseases. 


This  material  was  provided  to  the  Digestive  Diseases  Commission.   The 
committee  has  tried  to  provide  the  commission  with  any  other  information 
that  might  be  helpful  to  it  including  recommendations  as  to  areas  in  which 
digestive  diseases  activity  might  be  increased  within  an  agency  or  group  of 
agencies  and  the  funding  necessary  for  the  recommended  increases. 

The  committee  has  been  identifying  areas  of  common  interest,  among  agencies, 
that  might  be  the  basis  for  collaboration. 


Workshops 

The  Committee  on  Research  of  the  Digestive  Diseases  Commission  held  a 
workshop  in  Bethesda,  Md. ,  January  l6  and  IT,  19T8.   The  chairmen  of 
the  work  groups  on  research  in  basic  science  and  in  clinical  science  each 
briefly  reviewed  suggestions  of  their  work  groups  as  to  potentially  profit- 
able research  in  their  areas  of  expertise.   These  were  discussed  by  the  en- 
tire group  in  attendance,  then  the  participants  broke  up  into  small  groups  to 
review,  cri'iq_ue,  and  revise  the  prepared  paper  in  their  field  of  special 
competence.   This  revised  material  was  then  brought  back  to  the  group  as  a 
whole  for  further  criticism. 
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MULTIPURPOSF  .ARTHRITIS  CENTERS  PROGRAM 

Completed,  in  process,  and  contemplated  review:   The  initial  competition 
for  Multipurpose  Arthritis  Center  Grants  was  completed  and  the  first  15  grants 
funded  in  FY  77.   In  September  1977,  a  competition  for  FY  78  funds  was 
announced.   New  guidelines  were  distributed  to  potential  applicants,  and 
25  applications  were  received  before  the  January  2,  1978  deadline.   Those 
applications  are  now  in  review. 

In  November  1977,  Program  Staff  encouraged  the  Directors  of  the  15 
funded  Centers  to  submit  supplemental  applications  requesting  funds  for 
"developmental  and  feasibility  studies."  This  solicitation  took  advantage 
of  the  Program's  opportunity  to  support  preliminary  research  projects,  for 
which  few  other  funding  mechanisms  exist.   Twelve  Centers  responded  with 
applications,  and  54  individual  projects  were  reviewed  by  an  Institute 
Special  Review  Committee.   Awards  will  be  made  to  the  most  meritorious 
applications  following  the  August  meeting  of  the  National  Arthritis, 
Metabolism  and  Digestive  Diseases  Advisory  Council. 

In  FY  77,  $2.5  million  was  available  for  the  Centers  Program.   The  15 
funded  Centers  received  an  average  of  $122,400  (direct  costs)  ranging  from 
$61,000  to  $200,000  for  the  initial  year.   For  FY  78,  the  Program  has  $5.0 
million,  of  which  about  half  is  committed  to  continue  funding  of  the  15 
existing  Centers.   The  remainder  of  the  money  will  be  distributed  between 
funding  new  Centers  and  funding  supplemental  requests  from  the  existing  15 
Centers.   Apportionment  of  funds  will  be  decided  upon  when  review  is  complete 
and  requires  Council  concurrence. 

Beginning  in  June  1978,  there  will  be  three  deadlines  annually  for  Center 
Grant  applications.   Having  three  receipt  dates  each  year  will  mean  that  each 
applicant  can  be  site  visited  as  part  of  the  review  process.   It  was  impossible 
to  site  visit  applicants  in  FY  77  and  73  when  68  and  25  applications  were 
received  for  a  once-a-year  deadlines 

Activities  during  the  first  year  of  Center  operation:   The  first  annual 
progress  reports  from  the  15  funded  Centers  arrived  at  the  NIH  in  July  1978. 
Until  those  reports  have  been  analyzed  by  Program  Staff,  activities  in  the 
Centers  will  have  to  be  described  in  very  general  terms.   The  applications 
that  were  reviewed  in  1977  provided  detailed  plans  about  what  was  intended 
in  each  of  the  Centers,  but  the  review  process  and  the  subsequent  changes  in 
budgets  mandated  substantial  changes  in  the  plans.   To  discuss  the  plans 
presented  in  the  applications  as  activities  and  accomplishments  might  be 
misleading. 

Multipurpose  Arthritis  Centers  have  three  components:   "research," 
"education,"  and  "community  demonstration."  During  the  funding  of  the  first 
Centers,  special  attention  was  devoted  to  the  latter  two  components.   The 
rationale  behind  that  decision  was  that  the  National  Arthritis  Plan  and  the 
Arthritis  Act  emphasize  opportunities  in  those  areas  and  that  the  NIH  makes 
funds  available  for  arthritis  research  through  other  funding  mechanisms. 
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As  was  expected,  the  first  year  Center  operation  saw  much  effort  and  time 
devoted  to  start-up  activities,  hiring  and  staffing,  planning  and  implementing, 
A  number  of  the  Centers  have  set  in  place  experiments  to  compare  health  out- 
comes of  patients  treated  by  a  physician  (who  may  refer  patients  to  other 
health  professionals)  and  the  health  outcomes  of  patients  seen  by  an 
"arthritis  care  team,"  consisting  of  a  physician,  an  occupational  and/or 
physical  therapist,  a  social  worker,  and  a  nurse.   Although  much  lip  service 
has  been  given  to  the  value  of  the  team  approach,  the  Centers,  perhaps  for 
the  first  time,  will  be  able  to  evaluate  it  side-by-side  with  other  approaches 
to  the  management  of  rheumatic  diseases. 

Innovative  approaches  to  teaching  rheumatology  to  medical  students, 
allied  health  professional  undergraduates,  and  graduate  physicians  and  allied 
health  professionals  are  being  tried  in  several  Centers.   These  efforts  are 
expected  to  produce  critical  tests  of  new  approaches  to  professional  edu- 
cation.  The  prospects  of  success  for  these  endeavors  is  enhanced  by  the 
Program's  insistence  on  evaluation,  and  the  desire  of  the  investigators  to 
learn  what  approaches  are  successful.   In  the  end,  the  results  of  these 
educational  experiments  will  be  evaluated  by  following  the  pattern  of  their 
adoption  in  other  locations  and  at  other  institutions. 

The  Arthritis  Plan  draws  attention  to  the  magnitude  of  the  number  of 
people  afflicted  with  the  various  forms  of  arthritis  and  comes  to  the 
conclusion  that  most  rheumatological  care  must  be  provided  b:  family  practice 
physicians,  internists,  and  other  general  medical  care  providers.   Having 
acknowledged  this  condition,  the  Plan  bemoans  the  fact  that  many  primary  care 
practitioners  are  woefully  educated  about  arthritis.   In  this  regard,  the 
Arthritis  Centers  have  been  established  at  a  propitious  time.   The  number  of 
states  that  require  formal  course  work  for  relicensure  is  increasing,  and  a 
number  of  Arthritis  Centers  are  capitalizing  on  the  existence  of  a  population 
of  active  doctors  who  want  additional  training.   These  Centers  are  providing 
innovative,  and  from  some  reports  at  least,  interesting  and  well-received 
courses  in  the  rheumatic  diseases  and  the  care  of  patients  with  these 
diseases.   Nevertheless,  while  these  Continuing  Medical  Education  courses 
may  correct  some  deficiencies  in  the  education  of  those  physicians  that  they 
reach,  they  are  essentially  remedial.   The  best  chance  for  solving  the 
recognized  shortfall  in  educating  physicians  about  rheumatology  exists  in 
undergraduate  medical  programs;  the  establishment  of  four  Centers  in 
institutions  which  lacked  any  rheumatology  training  in  1974  will  help. 
Equally  important,  perhaps,  are  the  efforts  underway  in  a  number  of  Centers 
to  develop  audiovisual  and  other  teaching  aides  to  improve  rheumatology 
teaching. 

The  existence  of  Centers  has  already  had  some  desirable  unexpected 
spinoffs.   The  Arthritis  Plan  and  other  literature  about  the  rheumatic 
diseases  emphasize  the  importance  of  allied  health  professionals  in  the 
medical  and  health  care  of  patients  afflicted  with  these  diseases.   The 
Allied  Health  Professions  (AHP)  section  of  the  Arthritis  Foundation  is  the 
professional  organization  for  these  specialists  and  has  a  current  membership 
of  800  (the  American  Rheumatology  Association  membership  is  3,000),  but  the 
membership  of  the  AHP  section  turns  over  every  three  years.   Whether  this 
reflects  attrition  only  in  the  membership  of  the  AHP  section  or  loss  of 
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professionals  from  the  rheumatic  diseases  area  is  not  documented,  but  regard- 
less of  the  reason,  the  high  turnover  underlines  the  difficulty  of  developing 
a  cadre  of  APHs  with  interest  in  and  experience  with  the  rheumatic  diseases. 
On  their  own  initiative,  the  AHPs  who  work  in  the  Multipurpose  Arthritis 
Centers  organized  their  own  session  at  the  recent  American  Rheumatism  Asso- 
ciation Meeting  in  Mew  York  City.   The  enthusiasm  of  this  group  of  profes- 
sionals, their  desire  to  exchange  information,  and  the  growing  sense  of 
community  among  them  augurs  that  the  Centers  may  play  an  important  role  in 
attracting  and  holding  these  professionals  in  the  rheumatic  diseases.   It  is 
yet  too  early  to  be  certain,  but  it  may  be  that  the  use  of  AHPs'  talents 
other  than  their  hands  in  Center  projects  may  be  important  in  upgrading  and 
maintaining  the  status  of  these  professionals.   It  is  to  be  emphasized  that 
these  AHPs  work  on  peer  reviewed  and  approved  projects,  and  that  their 
commitment  to  cooperate  was  not  purchased;  it  grows  out  of  participation  in 
Centers. 

Coordination  of  Centers  Efforts:   Two  meetings  of  Center  personnel,  the 
first  limited  to  Center  Directors,  the  second  accommodating  about  70  persons 
interested  in  planning  and  evaluation,  were  held  in  Bethesda  in  1978.   These 
meetings  provided  clear  indications  of  the  enthusiasm  of  Center  personnel  and 
their  desire  to  collaborate  within  and  between  Centers  to  provide  the  data 
and  processes  necessary  to  evaluate  programs  and  projects  in  the  Centers. 

Administrative  Problems:   There  are  few  administrative  problems,  but 
there  are  many  options  being  considered  and  changes  being  contemplated.   The 
first  15  Centers  were  awarded  relatively  small  amounts  of  money.   A  number  of 
discussions  about  the  optimal  size  for  a  Center  were  held  this  year,  and  it 
was  decided  that  somewhat  larger  Centers  are  desirable.   We  expect  to  fund 
Centers  now  in  review  to  a  higher  level,  and  to  augment  current  Centers  by 
funding  supplemental  grants. 

The  division  of  the  Program's  resources  and  the  Centers'  efforts  among 
research,  education,  and  community  demonstration  components  is  under  constant 
review.   Solicitation  for  supplemental  grant  applications  underscores  the 
Program's  continued  support  of  research  activities. 
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DIGESTIVE  DISEASES  PROGRAM  AREA 
(1977  -  1978) 


The  Digestive  Diseases  Program  Area  is  responsible  for  the  extra- 
mural support  of  grant  awards  and  contracts  pertaining  to  certain 
organ  systems  of  the  gastrointestinal  tract.   Digestive  Diseases 
include  disorders  of  the  esophagus,  stomach,  and  small  and  large 
intestines.   Major  digestive  diseases  include  esophagitis,  peptic 
ulcer,  diverticulitis,  infectious  diarrhea,  ileitis,  ulcerative 
colitis,  and  malabsorption.   The  known  causes  include  infections, 
metabolic  disorders,  genetic  defects,  neuromuscular  disorders, 
toxins,  and  reactions  to  the  life  stress. 

Although  many  ailments  involving  the  gastrointestinal  tract  are  poorly 
understood,  they  are  among  the  most  common  illnesses  in  the  country; 
ranking  second  only  to  diseases  of  the  heart  and  circulation  in  the 
number  of  physician  office  visits.   Peptic  ulcer  symptoms  will  strike 
about  ten  percent  of  all  adults  in  the  United  States  at  some  time 
in  their  lives.   Diseases  of  the  stomach  and  intestines  may  afflict 
persons  of  any  age  often  causing  prolonged  and  expensive  hospitalization 
and  countless  social  and  emotional  problems.   Some  diseases  such  as 
ulcerative  colitis  are  of  chronic  nature.   Many  patients  are  afflicted 
for  years  with  the  disorder  and  may  have  to  undergo  extensive  and 
repeated  treatments  and  surgery. 

During  the  period  of  October  1,  1977  through  September  30,  1978 
approximately  155  research  grants,  one  specialized  center  of  research, 
13  training  programs,  18  career  awards,  and  13  individual  fellowships 
have  been  supported  in  the  Digestive  Diseases  Program  Area.   In 
addition,  several  contractor  efforts  were  also  active  which  included 
a  clinical  trial  and  applied  research  and  development  projects. 

A.   Research  Activity  Supported   By  Grants 

During  the  FY  1978  much  of  the  research  activity  supported  by  grants 
was  concerned  with  the  basic  science  aspects  of  digestive  diseases.   A 
greater   part  of  the  total  research,  however,  was  disease  oriented, 
the  results  of  which  were  relevant  to  the  elucidation  and  understanding 
of  the  disease  process.   Of  the  considerable  amount  of  data  and  information 
reported  by  the  grantees  during  the  past  year,  only  a  few  examples  will 
be  cited  as  representative  of  the  progress  that  has  been  made  in  the 
Digestive  Diseases  Program  Area. 

1.   Peptic  Ulcer  Disease 

a.   Peptic  ulcer  disease  seldom  occurs  in  the  stomach  and  duodenum  in 
the  absence  of  gastric  acid  in  sufficient  quantity  to  maintain  a  low 
intraluminal  pH,  although,  a  clear-cut  relationship  between  the  amount  of 
acid  secreted  and  ulcer  formation  has  not  been  established.   Studies  have 
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been  completed  with  H2  receptor  antagonists,  which  include  cimetidine 
and  prostaglandin  analogues  to  demonstrate  that  inhibition  of  acid 
secretion  prevents  experimental  ulceration  in  animals  and  promotes 
healing  of  peptic  ulceration  in  humans.   The  erosive  effects  of  aspirin 
on  the  gastric  mucosa  is  minimized  by  the  use  of  cimetidine  when  both 
acid  and  aspirin  are  in  contact  with  the  gastric  mucosa.   On  the  other 
hand,  it  has  been  reported  that  an  analogue  of  prostaglandin  of  the  E 
series  (Me-PGE^j  has  the  remarkable  property  of  protecting  the  mucosa 
that  is  exposed  to  aspirin  and  acid  (hydrochloric  acid  or  taurochloric 
acid)  at  the  same  time.   Explanations  for  the  cytoprotective  properities 
of  this  substance  has  not  to  date  been  made  evident.   Cytoprotection  may 
be  related  to  blood  flow,  mucus  release,  sodium  transport,  back  diffusion 
of  acid,  etc.   A  clearer  understanding  of  these  factors  would  be 
invaluable  towards  elucidating  the  mechanisms  that  play  a  role  in  protecting 
the  stomach  from  erosive  gastritis  and  formation  of  ulcers. 

b.   The  need  to  more  fully  understand  cell  function  and  the 
mechanisms  controlling  cell  function  in  comprehending  the  etiology  of 
ulcer  disease  requires  new  and  novel  approaches  utilizing  unique  technology. 
A  research  effort  supported  by  NIH  has  been  successful  in  developing  the 
methodology  to  prepare  and  isolate  viable  parietal  cells  which  preserve 
cell  responsiveness  to  secretagogues ,  cyclic  nucleotide  response  to 
stimulation,  and  direct  interaction  of  radiolabeled  hormones  with  specific 
cell  receptors.   Among  many  ambitious  objectives,  this  cell  preparation 
is  being  used  to  study  the  direct  actions  of  histamine,  gastrin,  and 
cholinergic  agents  on  parietal  cells  and  their  interactions;  the  effects 
of  other  gastrointestinal  hormones  and  substances  on  basal  and  stimulated 
cell  response,  the  effects  of  anticholinergics  and  hydrogen-receptor 
antagonists  on  secretagogue  actions;  effects  of  the  cyclic  nucleotides 
on  parietal  cell  function;  etc.   These  studies,  if  successful,  could 
be  of  considerable  significance  with  respect  to  the  pathogenesis 
and  treatment  of  gastric  hypersecretion  and  ulcer  disease. 

2 .   Inflammatory  Bowel  Disease 

a.   Despite  many  years  of  intensive  experimentation,  the  pathogenesis 
of  the  inflammatory  bowel  diseases  remain  unknown.   The  empiric  modes  of 
clinical  therapy  which  are  now  employed  suffer  greatly  from  this  lack 
of  knowledge  and  offer  only  palliative  measures.   Research  in  this 
field  has  been  hampered  by  the  lack  of  an  appropriate  animal  model. 
Current  studies  supported  by  NIH  are  providing  significant  promises  for 
overcoming  this  obstacle,  at  least  for  ulcerative  colitis.   These 
studies  may  well  prove  to  be  a  significant  milestone.   As  reported,  a 
model  of  ulcerative  colitis  related  to  cellular  immunity  and  thymus- 
derived  lymphocytes  (T-cells)  has  been  developed.   This  has  been 
accomplished  in  rabbits  by  skin  sensitization  to  dinitrochlorobenzene. 
The  challenging  dose  of  the  chemical  was  applied  intrarectally . 
Subsequent  examination  of  the  colon  demonstrated  severe  and  typical 
ulcerative  colitis-like  changes  which  continued  with  repeated  intrarectal 


1024 


instillations.   Animals  treated  in  this  manner  developed  colon  lesions 
closely  resembling  those  found  in  human  ulcerative  colitis.   Also  of 
significance  is  the  observation  that  sensitized  animals  when  repeatedly 
challenged  with  the  agent  developed  positive  delayed  inflammatory  reactions 
when  skin  tested  with  saline  extracts  of  rabbit  colon.   This  is  strongly 
suggestive  of  a  cell-mediated  immunity  to  colon  tissue  that  evolves 
when  chronic  inflammation  of  the  bowel  is  achieved  by  immune  mechanisms 
directed  at  exogenous  antigens  within  the  bowel.   This  experimental 
animal  model  may  very  well  prove  invaluable  in  future  studies  on  the 
etiology  and  pathogenesis  of  inflammatory  bowel  disease  as  well  as 
demonstrating  the  positive  relationship  of  cellular  immune  processes 
and  human  disease. 

b.   Evidence  that  Crohn's  Diseases  (CD)  and  ulcerative  colitis  (UC) 
are  caused  by  infectious  agents  have  been  suggested  by  transmission 
experiments  in  mice  and  rabbits  and  the  isolation  of  a  cytopathic 
agent  from  tissues  of  CD  and  UC  patients.   In  some   instances, 
reported  results  have  been  confirmed  by  other  investigators.   Other 
studies  have  not  been  able  to  reproduce  the  lesions  characteristics  of 
these  inflammatory  disease  processes  in  similarly  designed  experiments. 
In  general,  controversial  issues  have  arisen  and  conflicting  data 
have  been  reported  perhaps  emanating  from  the  various  approaches 
and  methodologies  employed  by  the  investigators.   Recently,  a 
collaborative  research  effort  has  been  initiated  which  is  supported 
by  a  NIH  grant  and  includes  research  teams  from  six  institutions. 
They  will  attempt  to  follow  mutually  agreed  upon  methodology  to  confirm 
or  negate  published  results  of  studies  and  to  establish  a  data  base 
from  which  future  research  on  the  etiology  and  pathogenesis  of  CD 
and  UC  can  be  undertaken. 

This  collaborative  project  will  attempt  through  the  exchange  of 
biological  preparations,  cross-experiments  in  coded,  blinded  fashion, 
and  repetition  of  experiments,  to  resolve  conflicting  data  regarding 
the  reproducitibility  of  animal  model  systems,  and  the  cultivation 
of  suspect  biological  agents. 

3 .   Functional  Bowel  Disease 

a.   Functional  bowel  disease  accounts  for  a  major  fraction  of  patient 
visits  to  medical  centers.   The  potential  for  understanding  this 
disorder  and  developing  preventive  measures  appears  to  be  growing 
rapidly.   Recent  studies  in  biofeedback  demonstrate  that  patients  can 
become  conscious  of  their  viceral  activities  and  can  exercise  some 
conscious  control  of  these  physiological  processes.   Recent  advances 
in  electrophysiology  of  the  visceral  nerves  now  permit  the  study  of 
the  complex  pattern  of  sensory  and  motor  nerve  impulses.   It  is  now 
possible  to  monitor  the  action  of  electrical  stimulation  of  nerves  and 
their  effect  on  intestinal  motility.   New  neurohormonal  activities 
are  being  recognized.   The  role  of  gastrointestinal  hormones  may  be 
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better  understood   since   the   discovery   of    several   of    these   peptides 
existing    in  nerves   and   nerve  cell   bodies    in   the  myenteric   plexus 
and    in   the  brain.      Experimentally    it   has   been  demonstrated    that 
the   electrical   stimulation  of    the  vagus   nerve  releases   gastrin   and 
vasoactive   intestinal   peptide   into    the   blood.      With   the  advent   and 
use  of   radio-immunoassays,    hormonal   levels    in   the  blood   have 
been  measured   and   correlated   with  nervous   control   of   gastrointestinal 
function.      Additionally,    techniques   of   biofeedback  and   autonomic 
"learning"   have  been  applied   to   correct   dysfunctions.      Nevertheless, 
considerably  more   information   is   required   concerning   responses   of    the 
normal   gut    to    food,    stress,    and   other   phenomenon  before  abnormal 
responses   can  be   appreciated   and   corrected. 

b.      Chronic    intestinal   pseudo-obstruction    (CIP)    is   a   phenomenon   in 
the   field   of   digestive  diseases    that    is   not    encountered   too    frequently, 
yet   has   aroused    the   interest   of    several   research   scientists    supported 
by   NIH.      CIP   is   a   syndrome  affecting   all   ages   and   sexes,    of   unknown 
etiology   and   pathogenesis   and    therapy    is    symptomatic   and    empirical. 
The  disorder  may   seriously   limit    the   patient's   activities.      In 
children,    growth   retardation  may  occur.      Fatalities   are   not   uncommon. 
The   syndrome  has   been  recognized    for  many   years   and   numerous   clinical 
reports   have  been  published.      The   syndrome  has   been   encountered   by 
many   physicians,    some  of   whom  have  described    it,    but    few  have   studied 
it.      There   is   a   consensus    that    this    syndrome  may  be   secondary   to 
many   other   disorders   or   at   least   evolve   from  certain  disease 
processes    such  as    those   involving    the   intestinal   smooth  muscle  and 
in   endocrine  and   neurologic   disorders.      A  symposium  has   been  organized, 
with   the   support   of   NIH,    for   a   select,    but   highly   interest   group 
of    investigators   for   an   intensive   examination  of   this    syndrome. 
The  objectives   of    the  colloquium  are   to:      review  and   discuss    the 
pathogenic  mechanisms    that  may  be    involved;    to    establish  uniform 
terminology    to   apply   to    these   syndromes;    to   consider   new  approaches 
of    investigation. 

B.      Research  Activities      Supported   by   Contract 

1.      National   Cooperative   Crohn's   Disease   Study 
(Phase   III) 
Contract   No.    NOl-  AM-2-2210 

University  of    Colorado,    Denver,    Colorado 
Total   Duration  -    2   years   Total   costs   -   $563,000 

The   Crohn's   Disease   Study   is   now   in   the   terminal    stage.      All 
patients   accepted    into    the   study  have  completed   a   course  of    therapy 
that  was    selected   as   prescribed    for   a   randomized   clinical   trial. 
The  data    is   now  being   analyzed   and    subsequently,    appropriate   reports 
will   be  written   to   reflect    the  results   of    the   study.      This    trial   has 
three  primary  objectives,    as   follows:      1)    compare   the   efficacy   of 
prednisone  alone  versus   the   combination  of    prednisone  and 
sulfasalazine   in   the   treatment   of   acute  symptomatic  Crohn's   disease; 
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2)  to  aetermine  the  "prednisone  sparing"  effect  of  sulfasalazine  with 
those  patients  who  have  responded  successfully  to  therapy  in  accordance 
with  (1) :   3)  if  sulfasalazine  fails  to  demonstrate  a  "prednisone 
sparing"  effect,  to  determine  whether  it  will  sustain  a  prednisone- 
induced  remission. 

This  study  has  been  conducted  under  the  direction  of  Drs.  John 
Singleton  and  Fred  Kern,  Jr.  of  the  University  of  Colorado. 

2.   Research  and  Development  Studies  in  Gastrointestinal  Endoscopy 

a.  Contract  NOl-AM-5-2211 

Title:      Endocopic   Control  of    Continued  Massive  Gastric   and 
Duodenal  Bleeding    in  a   General  Hospital   Population 

Institution:      University   of  Washington,    Seattle,   Washington 

Duration:      Two   Years 

Contract   Amount:      $555,053 

b.  Contract:   NOl-AiM-5-2213 

Title:   1.   Endocopic  Retrograde  Cholangio-pancreatography 
2.   Endoscopic  Electrosurgery  for  Control  of  Upper 
G.I.  Hemmorrhage 

Institution:   University  of  Minnesota,  Minneapolis,  Minnesota 

Duration:   Two  years 

Contract  Amount:   $138,094 

These  contract  studies  are  being  supported  to  study  the  control  of 
gastrointestinal  bleeding  by  endoscopic  systems  involving  laser 
coagulation,  electrocoagulation,  suture  clips,  and  tissue  glues.   To 
date,  significant  progress  has  been  made.   Biocompatible  tissue  glues 
and  suture  clips  have  failed  to  stop  severe  bleeding  in  the  ulcer  model 
that  was  developed  during  the  early  phases  of  the  contract.   Only  one 
modality  has  been  found  to  be  promising  for  the  safe  and  effective 
control  of  massive  bleeding.   This  is  the  argon  laser  used  in 
conjunction  with  pressurized  carbon  dioxide.   Currently,  a  protocol 
has  been  prepared  for  a  pilot  controlled  clinical  trial  for 
approximately  100  patients  at  the  University  of  Washington.   The 
data  obtained  from  this  study  will  serve  as  the  basis  for  a  larger 
multicenter  controlled  trial. 

The  studies  at  the  University  of  Washington  are  under  the  direction  of 
Drs,  Fred  Silver stein  and  Cyrus  Rubin.   The  studies  at  the  University 
of  Minnesota  are  under  the  direction  of  Drs.  Jack  Vennes  and  Stephen 
Silvis. 
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LIVER  DISEASE  PROGRAM 


The  main  thrust  of  the  Liver  Disease  program  area,  which  also  relates 
to  diseases  of  the  biliary  tract  and  exocrine  pancreas,  continues  to  be 
the  individual  research  grant.   Although  it  is  not  possible  to  report  on 
all  of  the  research  activity  within  this  most  important  element  of  the 
program,  a  few  examples  may  serve  to  illustrate  the  very  basic  research 
being  carried  out.   The  examples  chosen  may  seem  remote  when  viewed 
against  the  problem  of  the  treatment  of  disease.   However,  it  is  not  un- 
reasonable to  expect  this  very  information  about  basic  processes  such  as 
bile  secretion  to  have  a  major  input  on  our  thinking  about  disease  pro- 
cesses within  a  decade.   It  is  this  long  range  investment  in  a  fundamental 
knowledge  base  upon  which  clinical  research  must  build. 

Examples  of  some  research  results  from  individual  grantees  are  report- 
ed first,  followed  by  examples  of  research  being  conducted  by  interdisci- 
plinary groups  under  the  aegis  of  program  projects  and  centers.   Finally, 
the  report  concludes  with  research  activity  directly  relating  to  the  treat- 
ment of  disease  under  the  sponsorship  of  the  clinical  trial. 

A.   RESEARCH  GRANT  ACTIVITY 

The  exact  mechanism  by  which  bile  is  secreted  from  the  liver  cell 
into  the  bile  collecting  apparatus  (the  canniliculus)  is  still  unknown 
and  under  active  exploration.   Me thodo logic  problems,  namely  the  inability 
to  obtain  fluid  directly  from  these  microscopic  structures  of  the  biliary 
tree,  render  the  problem  most  difficult.   Consequently,  indirect  approaches 
to  studying  bile  secretion  have  given  rise  to  the  general  concept  of  a 
bile-salt  dependent  and  a  bile-salt  independent  secretion  of  bile.   Again, 
much  indirect  evidence  suggests  that  Na  ,K  -ATPase  activity  located  on  the 
liver  cell  surface  membrane  may  be  the  active  mechanism  for  production  of 
the  bile-salt  independent  fraction  (BSIF) .   The  location  of  this  enzyme 
has  been  assumed  to  be  on  the  cannilicular  side  of  the  liver  cell.   Recent- 
ly, an  NIAMDD  supported  research  fellow.  Dr.  B.L.  Blitzer,  working  with 
Dr.  James  Boyer  at  the  University  of  Chicago  who  is  also  NIAMDD  supported 
(the  recipient  of  an  Academic  Career  Development  Award  and  research  grant) 
has  offered  exciting  new  evidence  that  the  enzyme  may  be  on  the  opposite 
side  of  the  liver  cell,  namely  in  the  sinusoidal  membrane.   This  work  was 
done  using  specialized  histochemical  techniques  including  scanning  electron 
microscopy.   Whether  or  not  Na  ,K  -ATPase  ultimately  proves  to  be  the 
source  of  the  driving  energy  for  BSIF,  this  new  information  must  be 
accounted  for  in  models  of  bile  secretorv  function. 
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Two  additional  efforts  dealt  with  the  further  molecular  analysis  of 
the  liver  plasma  membrane  and  its  contribution  to  BSIF.   In  the  first 
effort,  young  investigators,  supported  by  the  NIAMDD  Liver  Center  in  San 
Francisco  (Drs.  E.B.  Keeffe,  B.F.  Scharschmidt,  N.M.  Blankenship  and 
precepted  by  R.K.  Ockner)  measured  the  fluidity  of  cannilicular  plasma 
membranes  by  the  technique  of  fluorescence  polarization.   They  hypoth-       ^ 
esized  that  a  more  fluid  membrane  should  allow  an  increase  in  the  flow       ■ 
of  bile  and  should  be  accompanied  by  an  increase  in  Na  ,K  -ATPase  activ-     ^.. 
ity  (the  membrane  enzyme  postulated  to  catalyze  the  secretion) .   Agents 
which  perturb  bile-salt  independent  flow,  such  as  thyroid  which  increases 
flow  and  ethinyl  estradiol  which  decreases  flow  and  taurocholate  which 
increases  flow,  but  not  via  the  BSIF  mechanism,  were  used  to  test  the 
hypothesis.   The  investigators  found  fairly  good  agreement  between  changes 
in  the  fluidity  of  the  membrane  and  changes  in  the  membrane  enzyme,  but 
these  did  not  correlate  well  with  changes  in  actual  bile  flow. 

In  the  second  effort.  Dr.  F.R.  Simon  (a  career  awardee)  and  his  young 
colleagues  at  the  University  of  Colorado,  also  measured  the  fluidity  of 
liver  surface  membranes.   They  examined  the  membranes  in  an  experimental 
situation  in  which  cholestasis  is  produced  in  rats  by  the  administration 
of  ethinyl  estradiol  (EE) .   This  results  in  a  decreased  bile  flow  and 
decreased  liver  surface  membrane  fluidity,  and  the  decreased  excretion 
of  bile  salts  and  bromosulfathalein  (BSP) .   They  asked  the  question 
whether  the  same  basic  mechanism  was  involved  in  the  excretion  of  both 
anions,  (bile  salts  and  BSP)  which  are  transported  by  separate  pathways. 
They  also  sought  to  reverse  the  cholestasis.   Administration  to  EE-treated   fL 
rats  of  Triton,  a  non-ionic  detergent,  reversed  the  decrease  in  bile  flow    " 
and  the  drop  in  membrane  fluidity,  the  decrease  in  bile  salt  and  BSP 
transport  maxima.   However,  phenobarbital  could  reverse  only  the  BSP 
depression  but  not  the  depression  of  bile  salt  transport.   The  investi- 
gators therefore  conclude  that  the  detergent  is  acting  non-selectively  to 
increase  the  fluidity  of  the  liver  cell  membrane,  thus  allowing  two  differ- 
ent transport  systems  to  be  affected,  whereas  phenobarbital  is  more  selec- 
tive, acting  to  reverse  only  the  BSP  transport  system. 

B.   PROGRAM  PROJECTS 

1)  University  of  Texas  Southwestern  Medical  School,  Dallas,  Texas 
One  of  the  senior  investigators  being  supported  by  this  program  project 
has  been  studying  the  intricate  relationships  involved  in  cholesterol  metab- 
olism.  Recently,  J.M.  Dietchy  compared  the  ability  of  two  primary  bile 
acids  (cholic  and  chenodeoxycholic  acid)  to  suppress  cholesterol  synthesis 
in  the  liver.   He  found  in  rats  that  cholic  acid  produced  greater  suppres- 
sion than  chenodeoxycholic  acid  in  both  cholesterol  synthesis  from 
octanoate  and  of  microsomal  HMGCoA  activity,  the  rate-limiting  liver  enzyme  ^^ 
in  the  synthesis  of  cholesterol.   This  is  in  contrast  with  data  obtained     ^»- 
by  other  investigators  in  guinea  pigs  and  in  man,  and  reopens  the  question 
of  the  mechanism  whereby  chenodeoxycholic  acid  is  able  to  dissolve  choles- 
terol gallstones.   This  issue  is  important  because  it  has  been  postulated 
that  one  of  the  major  ways  in  which  chenodeoxycholic  acid  improves  the 
cholesterol-solubilizing  properties  of  bile  is  by  inhibiting  this  enzyme 
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(HMGCoA  reductase)  and  thereby  reducing  the  amount  of  cholesterol  secreted 
into  the  bile.   With  less  cholesterol  in  the  bile,  the  existing  bile  acids 
and  lecithin  can  keep  the  cholesterol  in  solution  and  can  allow  cholesterol 
from  gallstones  to  come  into  the  bile  and  be  held  in  solution;  i.e.,  dis- 
solve the  gallstone. 

In  the  same  unit,  a  young  investigator  is  studying  quite  a  different 
aspect  of  the  liver  cell;  i.e. ,  its  ability  to  metabolize  drugs  in  the 
face  of  selenium  deficiency.   R.F.  Burk  found  that  the  important  enzyme 
(cytochrome  P/co)  cannot  be  increased  in  quantity  in  selenium-deficient 
rats  even  though  normally  it  can  be  increased  greatly  in  rats  when  pheno- 
barbital  is  administered.   It  thus  offers  yet  another  aspect  of  the 
importance  of  this  trace  metal;  the  stabilization  or  protection  from  break- 
down of  the  enzyme  because  in  its  absence  the  enzyme  is  broken  down  more 
rapidly. 

2)  Medical  College  of  Virginia,  Richmond,  Va. 

This  interdisciplinary  group  (R.G.  Lamb,  P.S.  Guzelian;  H.J.  Fallon) 
is  taking  advantage  of  their  ability  to  grow  cultures  of  adult  rat  liver 
cells  that  last  days,  rather  than  hours,  a  difficult  technical  accomplish- 
ment.  They  are  using  these  relatively  durable  cells  to  examine  glycero- 
lipid  production  and  release.   Their  overall  goal  is  to  study  the  effect 
of  drugs  and  ethanol  on  these  products  of  metabolism  in  the  intact  organ- 
ism. 

3)  Massachusetts  General  Hospital,  Boston,  Mass. 

Under  the  leadership  of   E.  Alpert,  this  group  of  hepatologists , 
immunologists,  surgeons  and  pediatricians  are  focusing  on  the  study  of 
liver  injury  as  caused  by  acute  and  chronic  hepatitis.   Their  work  on  the 
immuno pathology  of  chronic  active  hepatitis  suggests  that  the  immune 
response  may  be  abnormal,  as  demonstrated  by  a  defect  in  Concanavalin 
A-stimulated  suppressor  cell  activity. 

The  group  has  also  been  able  to  propagate  and  characterize  a  human 
liver  cell  line,  derived  from  human  hepatocellular  carcinoma.   It  main- 
tains its  high  malignancy  in  nude  athymic  mice  and  may  serve  as  in  vitro 
model  system  for  studies  of  the  mechanism  and  pathogenesis  of  liver  cell 
injury. 

C.   CENTERS 

The  two  Liver  Center  grants  have  now  been  operative  for  4  and  3  years, 
respectively.   They  were  started  to  fulfill  the  need  to  create  a  new 
research  environment  and  to  forge  the  relationship  between  basic  and 
clinical  research  in  a  disease  area. 

The  first  one  awarded,  that  at  Albert  Einstein  College  of  Medicine, 
New  York,  operated  for  the  first  three  years  at  a  modest  level  while 
attracting  additional  areas  of  expertise  to  the  Center.   It  has  current- 
ly been  awarded  a  renewal  and  expansion  of  effort  for  a  five-year  period. 
There  are  now  7  departments  and  37  individuals  participating  in  this 
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program  and  it  has  become  the  major  focus  for  all  liver-related  research 
at  the  Institution.   Dr.  Irwin  M.  Arias  is  Director  of  the  Center.   Recent 
progress  includes  many  studies  on  ligandin  and  Z  proteins.   Both  proteins, 
found  in  the  liver  cytoplasm,  bind  many  organic  anions.   These  may  be 
naturally  occuring,  such  as  thyroid  hormone,  or  foreign  to  the  body,  as 
drugs.   The  group  has  isolated  and  done  physiological  and  biochemical 
characterization  of  these  proteins  in  animal  and  human  tissues. 

Under  M.  Rojkind,  the  group  is  studying  the  differential  character- 
ization of  liver  collagen  as  it  occurs  in  various  liver  diseases  and  the 
effect  of  various  antifibrotic  drugs  on  the  process  of  collagen  forma- 
tion.  The  group  also  has  developed  animal  models  in  which  to  study  the 
developmental  aspect  of  some  human  liver  diseases.   These  are  the  Bedling- 
ton  terrier  as  a  model  of  Wilson's  Disease  (I.  Sternlieb) ,  and  Rheovirus 
II  infection  in  mice  as  a  model  for  neonatal  biliary  atresia  (L.  Gartner) . 
Another  major  element  of  their  program  is  the  development  of  the  only 
Pediatric  Liver  Registry  in  this  country  in  which  data  are  collected  on  all 
liver  disease  in  children  and  adults  from  six  hospitals  in  the  New  York 
area. 

The  second  Liver  Center,  at  the  University  of  California,  San  Fran- 
cisco, has  been  operative  for  3  years  under  the  direction  of  Dr.  Rudi 
Schmid.   The  main  emphasis  of  the  program  is  on  hepatic  physiology  and 
pathophysiology,  particularly  as  they  relate  to  the  reactions  of  the  liver 
to  injury.   The  School  of  Medicine,  the  School  of  Pharmacy  and  three 
hospitals  (Moffitt  University,  San  Francisco  General,  and  San  Francisco 
Veterans  Administration  Hospitals)  are  all  coordinated  in  this  effort.   A 
central  facility  for  liver  cell  culture  (D.M.  Bissell)  and  for  electron 
microscopy  research  (A.L.  Jones)  is  shared  by  all  the  participants  and 
avoids  the  need  for  duplication  of  effort. 

Some  of  the  research  efforts  have  focused  on  heme  metabolism  (M.A. 
Correia) .   This  work  was  carried  out  in  collaboration  with  an  investi- 
gator previously  mentioned  as  being  associated  with  the  Program  Project 
in  Dallas,  Texas  (R.F.  Burk) .   It  was  found  that  morphine,  as  well  as 
selenium  deficiency,  decreases  the  amount  of  cytochrome  P,ro  found  in  the 
liver.   Naloxone,  a  drug  that  antagonizes  the  central  nervous  system 
effects  of  morphine,  also  reverses  its  effect  on  P/rn)  ^  key  drug  metab- 
olizing enzyme.   Another  project  is  of  immediate  benefit  to  the  under- 
standing of  a  rare  disorder  which  affects  neurologic  function,  acute 
intermittent  porphyria.   In  this  disorder,  there  is  an  increased  produc- 
tion of  delta-amino-levulinic  acid  (ALA)  and  decreased  heme  synthesis. 
I.  Diamond  is  examining  the  direct  neurotoxicity  of  ALA  on  nerve  trans- 
mission.  Other  interesting  projects  involve  mechamisms  of  heme  and  bile 
pigment  disposal,  age-related  changes  in  the  liver  structure  and  function 
and  studies  on  bile  secretion,  including  the  effect  of  several  lipid- 
lowering  drugs  on  the  process. 
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D.   CLINICAL  TRIALS 

Four  important  clinical  trials  were  supported;  one  by  contract 
and  three  by  the  research  grant  mechanism.   These  all  examine  medical 
or  surgical  interventions  in  a  disease  process.   They  are: 

1)  Primary  Biliary  Cirrhosis  (PBC) :   d-Penicillamine  Trial:   PBC  is  a 
chronic,  slowly  progressive  liver  disease  of  unknown  cause  for  which  there 
is  no  known  effective  treatment.   Permanent,  spontaneous  remissions  have 
not  been  reported  and  the  disease  is  ultimately  fatal;  survival  is  estimated 
at  six  years.   Because  copper  levels  in  the  liver  are  extraordinarily  high 
in  PBC,  this  clinical  trial  is  examining  the  effect  of  d-penicillamine  on 
the  disease.   This  agent  allows  copper  to  be  eliminated  more  rapidly  from 
the  liver  by  increasing  its  urinary  excretion.   Currently,  124  patients 
have  been  enrolled  in  this  well  controlled  trial  being  conducted  at  the 
Mayo  Clinic,  Rochester,  Minn,  under  the  directorship  of  E.R.  Dickson. 
Results  to  date  are  encouraging  in  that  the  number  of  deaths  occuring  in 
the  treated  group  are  less  than  in  the  placebo  group,  and  more  copper  has 
been  excreted  from  the  liver  of  the  treated  group.   The  drug  is  not  with- 
out toxicity,  but  the  extreme  severity  of  the  disease  justifies  the  risk. 
The  study  is  also  designed  to  learn  more  about  the  disease  itself  and 

the  role  copper  plays  in  the  disease,  whether  as  cause  or  effect. 

2)  Distal  Splenorenal  versus  Portal  Systemic  Anastomosis:   This 
cooperative  clinical  trial  being  conducted  at  Yale  University  and  the 
West  Haven,  Conn.  VA  Hospital  by  H.O.  Conn  and  at  Tufts  University  Medical 
School,  Boston  by  R.H.  Resnick,  is  examining  two  popular  surgical  proce- 
dures used  to  treat  patients  with  cirrhosis  of  the  liver  who  have  bled 
from  esophageal  varices.   A  portalsystemic  shunt  is  the  standard  treatment. - 
A  procedure  that  anastamoses  the  splenic  vein,  a  tributary  to  the  portal 
vein,  to  the  renal  vein,  a  tributary  to  the  vena  cava,  may  provide  an 
adequate  shunt  yet  produce  fewer  complications  such  as  encephalopathy. 
Although  there  are  proponents  for  each  of  these  surgical  approaches,  the 
two  procedures  have  not  been  tested  in  a  controlled  manner.   The  ongoing 
effort  is  providing  such  a  test.   Too  few  patients  are  currently  enrolled 
in  the  study  (27)  to  draw  statistically  significant  conclusions,  but  to 
date,  both  operations  have  been  successful  in  the  27  patients  in  that  none 
has  rebled  from  the  varices. 

3)  Glucocorticoid  for  Fulminant  Hepatic  Failure:   The  consequences  of 
acute  and  massive  damage  to  the  liver,  whether  because  of  viral  or  chemi- 
cal attack,  is  death  in  a  matter  of  days  for  60  to  90%  of  the  victims. 

In  the  1960's  and  into  the  1970' s,  corticosteroids  were  endorsed  in  spite 
of  some  misgivings  that  no  real  unbiased  demonstration  of  their  value  had 
been  established.   To  gather  unambiguous  data  by  means  of  a  controlled 
trial  is  extremely  difficult  because  of  the  very  limited  numbers  of  patients 
who  qualify  and  who  get  to  major  medical  centers.   Three  years  ago,  a 
cooperative  group  of  15  medical  centers  (now  20),  coordinated  by  J.W.  Mosley 
of  University  of  Southern  Calif.,  Los  Angeles,  started  a  randomized  trial  to 
establish  clearly  whether  hydrocortisone  in  massive  doses  is  more  effica- 
cious than  good  supportive  therapy  alone.   This  trial  is  currently  on- 
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going,  and  because  the  number  of  cases  appears  to  be  decreasing,  may  need 
to  be  continued  considerably  longer  than  originally  planned  if  an  answer 
is  to  be  forthcoming. 

4)  Contract  of  the  National  Cooperative  Gallstone  Study:   This 
cooperative  clinical  trial  to  test  the  safety  and  efficacy  of  cheno- 
deoxycholic  acid  in  the  medical  dissolution  of  cholesterol  gallstones 
ended  it's  fourth  year  during  FY  77.   Of  that  period,  two  years  were  spent 
in  preparing  the  definitive  protocol  and  procedures  and  performing  the 
necessary  long-term  animal  toxicity  studies  which  had  to  precede  the 
clinical  trial.   One  year  was  spent  in  accessioning  100  patients  into  a 
special  trial  in  which  liver  morphology  was  to  be  closely  scrutinized 
during  the  entire  two-year  period  on  the  test  drug.   The  fourth  year  was 
spent  randomizing  patients  into  the  main  clinical  trial  of  900  patients, 
subdivided  into  3  groups;  placebo,  low-dose  therapy  and  high-dose  therapy. 
During  the  fifth  and  final  year  of  the  original  contract,  the  remainder 
of  the  patients  will  be  taken  into  the  trial.   However,  in  order  for  each 
patient  to  be  followed  on  treatment  for  the  full  two  years  originally 
projected,  as  well  as  have  adequate  time  for  data  analysis,  the  contract 
will  need  to  be  extended.   The  review  and  negotiation  of  this  extension 
will  occur  in  FY  78.   Data  from  the  trial  will  not  be  available  until 
termination  of  the  trial.   However,  at  specified  intervals,  a  Data  Safety 
Monitoring  Committee  is  looking  at  the  evolving  data  in  terms  of  risk/ 
benefit  and  ethical  concerns. 
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NUTRITION  PROGRAM  AREA 


The  Nutrition  Program,  NIAMDD  Extramural  Programs  has  the  primary 
responsibility  for  supporting  nutrition  research,  career  development  and 
training  in  basic  and  clinical  nutrition.   The  long  term  goals  are  to 
promote  optimal  health  through  good  nutrition,  prevention  and  treatment 
of  diseases.   The  Nutrition  Program  budget  for  FY  78  was  11.065  million. 
In  addition  2.206  million  of  diabetes-related  nutrition  research  grants, 
funded  by  the  Diabetes  Program,  were  administered  by  the  Nutrition 
Program,  making  a  total  of  13.271  million. 

During  FY  78  the  Nutrition  Program  funded  119  research  grants  as  compared 
with  118  in  FY  77.   However,  the  number  of  research  grants  active  on 
April  30,  1978,  including  the  diabetes-related  nutrition  grants  was  up 
to  164  from  148  in  FY  77.   One  Obesity  Research  Center  and  three  program 
project  grants  were  funded. 

Approximately  46%  or  37  of  the  80  research  grants  approved  by  council 
were  funded,  excluding  those  considered  to  be  diabetes-related.   Other 
NIAMDD  programs  especially  digestive  diseases,  hematology,  orthopedics 
and  endocrinology  support  some  nutrition-related  research;  and  the  total 
NIAMDD  supported  nutrition  research  and  training  constitutes  20%  of  that 
administered  by  NIH. 

The  Nutrition  Program  has  given  continued  emphasis  to  obesity,  trace 
element  nutrition,  dietary  fiber,  parenteral  nutrition,  mechanism  of 
action  of  dietary  essential  nutrients,  nutrient  interventions  and  factors 
that  influence  nutritional  requirements.   The  NIAMDD  Nutrition  Program 
also  administered  the  US  Malnutrition  Panel,  US-Japan  Cooperative  Medical 
Science  Program  which  is  concerned  with  research  needed  to  solve  nutrition- 
related  problems  of  South  East  Asia. 

Training  Advances 

Support  for  training  future  manpower  in  basic  and  clinical  nutrition 

research  is  an  important  aspect  of  the  NIAMDD  Nutrition  Program.   Under 

the  National  Research  Service  Award  program,  4  new  institutional  training 

grants  were  started  in  FY  78  making  a  total  of  8  on-going  programs. 

These  are  focusing  on  nutrition  research  training  for  physicians,  predoctoral 

candidates  and  postdoctoral  fellows.   A  total  of  40  trainee  slots  (23 

pre  and  17  postdoctoral)  have  been  recommended  for  support  for  a  total 

of  approximately  $532,000. 

Under  the  National  Research  Service  Awards,  11  new  individual  postdoctoral 
research  fellowships  were  funded  making  a  total  of  19  active  fellows. 
This  number  shows  a  marked  increase  over  the  13  active  fellows  reported 
in  FY  77. 
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Nutrition  research  development   is    encouraged   by   the   career   development 
(K04)    and   clinical    investigator    (K08)    awards.      Those   in  mid-career 
status   and  who   have  demonstrated   outstanding   capabilities   and   aptitudes 
for   conducting   biomedical   nutrition  ot   nutrition-related   research  are 
funded. 

Eight  career  development  awards    (K04)    are  active  but  none  of   these  were 
new  starts   in  FY  78.      Also  active  are  1  clinical   investigator    (K08) ,    2 
career  awards    (K06)    and   2  acadanic   career  awards    (K07) . 

Applications   for   the  academic   career  award    (K07)    are  no  longer  being 
accepted.      Two   of    the   former   recipients    in   their   final  reports  were  most 
enthusiastic  about   the  unique  opportunities  provided   on  their  grants 
resulting    in   the   organization  of   a   nutrition  research   focal  point    in   the 
medical   school   setting    thereby    increasing   accomplishments    in  nutrition 
research  and   training. 

Workshops 

NIAMDD  has  sponsored  or  cosponsored  the  following  workshops  or  conferences 
designated  to  identify  nutrition  research  gaps  and  acquaint  investigators 
with  priority  research  needs,  particularly  those  requiring  a  multidisciplinary 
approach: 

1.  Conference  on  Obesity  and  the  American  Public,  October  20-22, 
1977.   Bethesda,  MD  (through  Fogarty  International  Center). 

2.  International  Conference  on  Behavioral  Effects  of  Energy  and 
Protein  Deficits,  November  30December  2,  1977. 

3.  Travel  Support  for  young  investigators  to  attend  XI  International 
Congress  on  Nutrition,  Rio  de  Janerio,  Brazil,  August  27- 
September  1,  1978  (through  Fogarty  International  Center). 

4.  A  consensus  workshop  is  planned  on  Surgical  Treatment  of  Morbid 
Obesity,  December  4-5,  1978,  Bethesda,  MD  (through  Nutrition 
Coordinating  Committee) . 

Research  Supported  by  Contract 

The  National  Academy  of  Sciences,  through  its  Food  and  Nutrition  Board, 
has  continued  its  evaluation  on  human  nutrient  requirements  under  contract 
Nol  No-AM-4-2209  at  a  level  of  $59,480.   The  Food  and  Nutrition  Board 
will  complete  its  latest  revision  of  the  "Recommended  Dietary  Allowances" 
and  publish  them  in  early  1979.   The  revised  RDA's  will  contain  allowances 
for  several  additional  micronutrients  (fluorine,  manganese,  copper, 
selenium,  and  chromitim)  . 

In  addition  this  contract  was  amended  to  support  (1)  an  evaluation  of 

the  scientific  basis  of  the  "Dietary  Goals  for  the  United  States"  published 
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by  the  Senate  Select  Committee  on  Nutrition  and  Human  Meeds  and  (2)  a 
deliniation  of  gaps  in  current  knowledge  and  identification  of  nutrition 
research  needs  requiring  immediate  attention  as  related  to  these  dietary 
goals. 

Research  Activity  Supported  by  Grants 

1.    Obesity  and  Feeding  Behavior 

A  total  of  38  grants  totaling  2.1  million  in  direct  costs  were  supported 
which  related  to  the  physiological  aspects  of  obesity  and  feeding  behavior. 
The  Obesity  Center,  St.  Luke's  Hospital,  New  York  City  has  served  to 
stimulate  multidisciplinary  obesity  and  information  exchange.   The 
obesity  center's  research  has  focused  on  eating  behavior  in  various 
types  of  obesity,  a  study  of  peripheral  signals  of  hunger  and  satiety  in 
man,  and  the  assessment  of  the  effectivness  of  "protein-sparing"  low 
calorie  diets  for  use  in  reduction  of  body  fat.   The  center  has  also 
initiated  a  weight  control  unit  to  serve  as  a  model  of  a  comprehensive 
program  for  the  study  and  treatment  of  human  obesity.   Optimal  regimens 
are  being  developed  for  patient  care  and  new  approaches  will  be  tested. 

The  obesity  center  has  developed  a  universal  eating  monitor  which  quantifies 
the  weight  of  the  food  (liquid  or  solid)  served  in  any  kind  of  vessel  as 
the  subject  consumes  it.   They  have  found  a  striking  underconsumption  of 
food  by  obese  patients  in  comparison  with  lean  subjects  eating  the  same 
foods.  The  reasons  for  this  are  being  explored.   In  other  studies,  the 
covert  dilution  of  the  energy  content  of  foods  (by  substituting  aspartame- 
sweetened  products  for  their  sucrose  counterparts)  resulted  in  an  immediate  ■ 
reduction  of  spontaneous  energy  intake  by  approximately  25%,  as  about 
equal  quantities  of  each  were  consumed.   This  finding  can  be  of  considerable 
importance  in  the  development  of  special  foods  for  weight  control  purposes. 

Studies  by  this  group  on  different  animal  models  of  obesity  have  demonstrated 
that  obesities  of  different  origins  (genetic  lesion,  diet  palatability , 
ovariectomy)  produce  independent  additive  effects  on  weight  gains, 
reinforcing  the  suggestions  that  obesity  in  humans  may  likely  have 
multiple  origins.  Results  obtained  from  the  continous  infusion  of  insulin 
suggest  that  it  is  unlikely  that  insulin  level  alone  or  glucose  utilization 
is  important  in  satiety. 

Other  studies  on  lipogenesis  by  Dr.  Hirsch,  Rockefeller  University, 
reveal  that  surgical  removal  of  subcutaneous  fat  depots  in  weanling  rats 
leads  to  a  regenerative  response,  with  precise  restoration  of  adipose 
mass  and  adipocyte  number  within  seven  months  in  the  rat.   This  group 
has  postulated  a  role  for  adipose  size  in  fat  storage  regulation  and 
food  intake  control. 

Studies  by  Dr.  Patricia  Johnson,  Vassar  College,  with  fetal  heptaocytes 
derived  from  genetically  "obese"  and  "lean"  rats  suggests  that  the  fatty 
cells  may  have  a  defective  hormone  sensitivity.   Cells  from  "lean"  rats 
showed  a  significant  increase  in  lipogenesis  in  response  to  insulin, 
whereas  "obese"  cells  did  not. 
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Dr.  Bray,  University  of  California,  in  basic  studies  has  found  that  the       ^r.^ 
obese  (ob/ob)  mouse  lacks  a  thyroid-dependent  ouabain-  supressible  (Na        ^: 
+  K  )  ATPase  in  its  tissues,  which  could  explain  the  abnormalities 
described  in  this  animal.   This  important  breakthrough  in  understanding 
provides  a  potential  mechanism  which  may  be  implicated  in  human  obesity. 

Dr.  Campbell,  University  of  Rochester,  NY,  is  investigating  the  effects 

of  glucoprivation  of  food  and  water  intake  and  body  temperature  regulation     ^ 

in  lean  and  obese  patients.   Both  food  and  water  intake  were  significantly     ^ 

increased  and  hypothermia  resulted  following  the  administration  of  2- 

deoxy-D-Glucose.   The  hypothermia  produced  was  blocked  by  administration 

of  mazindol.   These  findings  suggest  that  nutritional  and  neuropharmaco logical 

studies  can  generate  information  which  should  be  helpful  in  the  management 

of  obesity,  diabetes  mellitus,  hypertension,  congestive  heart  failure 

and  diseases  associated  with  anorexia. 

Other  studies  indicate  that  physical  exercise  is  important  in  the  prevention 
of  obesity  as  exercise  results  in  increase  lipolysis  and  an  increase  in 
concentration  of  free  fatty  acids  in  the  blood.   In  mice,  inactivity  is 
obviously  an  important  factor  in  the  etiology  of  obesity. 

Dr.  McHugh,  Johns  Hopkins  University,  has  observed  that  the  stomach 
emptying  time  in  the  monkey  is  slowed  as   the  energy  concentration  of 
fed  glucose  solutions  are   increased  from  0.2  to  1.0  K  cal/cc.   There 
appears  to  be  a  limit  to  this  regulatory  control  as  concentrations  above 
1.0  K  cal/cc  exerted  no  further  slowing  on  gastric  emptying.   This  is 
perhaps  the  first  demonstration  of  precise  functional  regulation  of 
calorie  found  in  a  physiological  system  tied  directly  to  feeding  -  the 
stomach  and  small  bowel.   The  limit  on  this  control  suggests  that  foods 
with  high  energy  densities  may  be  conducive  to  over-consumption  of 
calories  by  humans. 
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2.    Diet  and  Neurotransmitters 

Recent  results  obtained  by  Dr.  Wurtman  at  MIT  indicate  that  the  amino 

acid  balance  and  level  in  the  diet  can  effect  the  amount  of  tryptophan 

in  the  brain  and,  consequently,  the  amount  of  serotonin  formed.   The 

uptake  of  tryptophan  by  the  brain  is  indirectly  proportional  to  the 

ratio  of  tryptophan  to  other  neutral  amino  acids  in  the  blood.   Similarly, 

tyrosine  level  and  ratio  of  tyrosine  to  phenylalamine  influences  the 

transport  of  tyrosine  across  the  blood-brain  barrier,  and  the  amount  of 

brain  tyrosine  appears  to  effect  the  amount  of  catecholamine  synthesis. 

These  investigators  have  found  that  rats  permitted  to  choose  between  two 

isocalorie  diets  containing  different  amounts  of  protein,  or  isonitrogenous 

diets  differing  in  energy  density,  would  choose  between  then  in  a  predictable 

way.   Drugs  that  increase  serotoninergic  transmission  (fenfluramine,  .^^ 

fluoxetine)  ,  selectively  diminish  carbohydrate  consumption  without  JIJ^K, 

affecting  protein  intake.   Tryptophan  administration  potentiates  this  ^^ 

effect.   Other  work  suggests  that  drugs  which  activate  dopamine  receptors 

may  control  the  animal  obesity  to  regulate  protein  intake.   In  addition 

the  acetyl  choline  functions  as  a  neurotransmitter  and  the  dietary 

choline  intake  may  sometimes  be  important. 
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pancreatic  enzyme  in  vivo.   Other  fiber  research  is  considering  nutritional 
effects  on  digestion,  requirements  and  adverse  effect  of  fiber  on  absorption 
of  trace  elements. 

6.  Proteins  and  Amino  Acids 

Recent  advances  in  protein  and  amino  acid  research  from  grants  supported 
by  this  program  include  1)  the  demonstration  that  amino  acid  patterns 
can  be  modified  in  such  a  way  as  to  alter  brain  amino  acid  levels  and 
food  related  behavior,  suggesting  that  diet  may  affect  behavioral  responses, 
2)  the  finding  that  carnitine  biosynthesis,  dependent  on  adequate  amounts 
of  lysine  and  methionine,  is  limited  in  protein  malnutrition,  leading  to 
a  carnitine  deficiency,  3)  the  observation  that  an  arginine  deficiency 
(rat)  causes  a  marked  increase  in  orotic  acid  production  and  pyrimidine 
biosynthesis,  and  4)  demonstration  that  increasing  the  protein  intake  in 
older  adults  results  in  a  significant  increase  in  urinary  calcium  excretion 
and  decline  in  calcium  balance,  while  a  significant  decrease  in  urinary 
sodium  excretion  occurred.   In  addition  studies  are  being  supported  at 
INCAP  to  quantitate  the  dietary  requirements  of  preschool  children  for 
amino  acids  (lysine,  methionine,  tryptophane,  threonine,  and  valine) . 
At  MIT,  work  is  progressing  on  the  use  of  N  -methylhistidine  as  an 
indicator  for  evaluating  the  dynamic  state  of  muscle  protein  metabolism 
in  man.   Recent  studies  suggest  that  the  metabolism  of  branched  chain 
amino  acids  may  be  altered  in  alcoholic  patients.   An  important  physiological 
role  for  carnitine  in  the  regulation  of  branched  chain  amino  acid  oxidation 
has  been  established. 

7 .  Fatty  Acids  and  Cholesterol 

Advances  continue  to  be  reported  in  lipid,  fatty  acids  and  cholesterol 
metabolism  research.   Dr.  Holman,  Hormel  Institute  at  the  University  of 
Minnesota  is  concerned  with  requirements  of  polyunsaturated  fatty  acids. 
His  group  is  currently  studying  the  physiological  aspects  of  cis  and 
trans  isomers  of  specific  fatty  acids.   Experiments  indicate  that  trans 
fatty  acids  (hydrogenated  fats  contain  high  levels)  show  symptoms  of 
essential  fatty  acid  deficiencies.   Other  research  is  studying  the 
essentiality  of  polyunsaturated  fatty  acids,  interaction  with  other 
dietary  constituents  and  the  natural  patterns  of  fatty  acids  in  serum 
lipids . 

Dr.  Ostwald,  University  of  California,  in  studying  the  effect  of  dietary 
cholesterol  on  mammals  is  pursuing  research  to  obtain  positive  evidence 
for  an  immunological  (or  autoimmune)  basis  for  the  hemolytic  anemia 
observed  in  cholesterol-fed  guinea  pigs.   Research  by  Dr.  Leiner  at  the 
University  of  Minnesota  on  availability  of  amino  acids  of  legumes  reports 
that  legume  proteins  can  effectively  lower  the  cholesterol  level  of 
blood  and  has  obvious  significance  with  respect  to  human  diet. 

8 .  Fat  Soluble  Vitamins 

The  nutrition  program  funded  20  grants  totaling  approximately  1.35 

million  in  direct  costs  in  FY  78.   Of  these  8  grants  related  to  vitamin 

D,  6  to  vitamin  A,  4  to  vitamin  E  and  2  to  vitamin  K.   In  regard  to  vitamin  D, 
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four  laboratories  are  conducting  basic  studies  designed  to  define  at  the 
molecular  level  the  mechanism  of  action  of  vitamin  D  and  its  biologically 
active  forms.   Various  vitamin  D  analogues  are  being  synthesized  and 
tested  for  biological  activity  as  measured  by  intestinal  absorption  of 
calcium  in  animals.   The  effect  of  the  1,25  dihydroxy  vitamin  D   has 
also  been  studied  in  patients  with  chronic  renal  failure.   Other  studies 
include  the  vitamin  D-parathyroid  relationships  and  the  identification 
of  specific  calcium  binding  proteins  from  the  kidney  and  from  rat  intestine. 
Another  study  has  obtained  results  which  suggest  that  a  metabolically 
active  cytochrome  P-450-substrate  complex  is  involved  in  the  renal 
microsomal  biotransformations  of  25-OH  D  as  a  component  of  the  regulatory 
process  of  vitamin  D,  metabolism  (Dr.  Ghazarian,  Medical  College  of 
Wisconsin) .   The  intense  interest  in  recent  years  in  understanding  the 
biochemical  mechanism  of  action  of  vitamin  D  is  due  to  the  number  of 
disease  states  or  conditions  which  may  relate.   These  include  renal 
osteodystrophy,  vitamin-D  resistant  rickets,  sarcoidosis,  familial 
hypophosphotemia,  and  ostiomalacia. 

Vitamin  A  related  research  supported  includes  1)  development  of  a  radio- 
immunoassay for  vitamin  A,  2)  studies  on  the  mechanism  of  action  of 
vitamin  A  at  the  cellular  level  and  3)  the  synthesis  of  new  geometric 
isomers  of  vitamin  A  and  carotene  for  use  as  a  cancer  retardant. 

Mannosyl  retinyl  phosphate  is  being  studied  as  an  intermediate  in 

glycoprotein  synthesis  (Dr.  Wolf,  MIT).   Dr.  DeLuca,  University  of 

Wisconsin,  has  isolated  three  polar  metabolites  of  retinoic  acid  from  ^■r 

the  small  intestine  which  have  equal  or  more  biological  activity  that  |^K 

retinoic  acid  itself.  "^^^ 

Progress  also  has  been  made  on  the  mechanism  of  action  of  vitamin  K  (Dr. 
Suttie,  University  of  Wisconsin) .postmitochondrial  supernatants  from 
vitamin  K  deficient  rat  livers  were  found  to  catalyze  both  the  vitamin  K 
dependent  conversion  of  mitochondrial  precursor  proteins  to  prothrombin 
and  the  conversion  of  vitamin  K  to  its  2,  3-epoxide.   The  epioxide 
act  ivy  is  located  in  the  microsomes. 

Work  on  vitamin  E  mechanism  of  action  (Dr.  Hoekstra,  University  of 
Wisconsin),  has  focused  on  the  role  of  vitamin  E  as  a  membrane  component, 
and  on  selenium  as  a  constituent  of  glutathione  peroxidase  which  protects 
against  oxidant  damage  associated  with  lipid  peroxidation.   The  volitile 
peroxidation  product,  ethane,  has  been  monitored  in  the  breath  of  experimental 
animals  as  an  indicator. 

9.   Water  Soluble  Vitamins 

Of  23  grants  totaling  863  thousand  in  direct  costs  for  nutrition  program       t^ 
research  on  water  soluble  vitamins,  6  dealt  with  folic  acid,  5  with 
vitamin  B^^,  5  with  pyridoxine,  3  with  thiamine,  2  with  riboflavin,  1 
with  pantoEhenic  acid  and  1  with  niacin. 

Studies  on  folate  metabolism  are  designed  to  produce  a  better  understanding 

of  the  nature  of  the  roles  of  folate  binders  and  the  mechanism  by  which 

ethanol,  other  common  drugs  (aspirin)  and  certain  diseases  impair  folate       ^L 
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These  and  other  studies  that  have  established  the  effect  of  amino  acid 
levels  and  balance  on  food  behavior  nay  well  be  the  prelude  to  an  increasing 
recognition  of  the  effect  of  diet  on  behavior  based  or  physiological 
function. 

3 .    Trace  Elements  and  Other  Minerals 

The  possible  role  of  trace  elements  in  etiology  of  chronic  adaptive 
diseases,  coupled  with  the  recognition  that  an  increasing  number  of 
trace  elements  have  been  shown  to  be  dietary  essentials,  has  led  to  an 
acute  awareness  that  much  information  is  needed.   Research  on  requirements, 
toxicity,  analytical  methods,  bioavailability,  function  and  interactions 
pf  trace  elements  with  other  nutrients  and  environmental  toxicants  is  a 
priority  concern.   The  amount  of  research  in  this  area  is  steadily 
increasing,  with  current  projects  on  iron,  zinc,  chromium,  selenium, 
copper,  fluoride,  arsenic  and  cadmium.   Other  mineral  studies  which  are 
supported  involve  calcium,  phosphorus,  magnesium  and  silicon.   The 
Nutrition  Program,  NIA^IDD  funded  22  grants  amounting  to  1.1  million  in 
FY  78. 

* 

Work  by  Dr.  K.  Schwarz,  UCLA,  indicates  that  both  arsenic  and  cadmium 

are  required  in  small  amounts  by  the  rat  for  normal  growth  and  development. 

Studies  by  Dr.  Doisy,  New  York  Upstate  Medical  Center,  in  normal  and 
obese  mice  with  the  glucose  tolerance  factor  (active  form  of  trivalent 
chromium)  further  support  the  hypothesis  that  the  glucose  tolerance 
factor  and  insulin  act  synergistically .   Efforts  to  fractionate  and 
chemically  characterize  this  biologically  active  form  of  chromium  are 
being  supported. 

Zinc  requirement  studies  are  underway  in  adult  males  (Dr.  Prasad)  and 
young  children  (Dr.  Hambidge) .   Other  work  supported  deals  with  the 
metabolic  functions  of  zinc  as  related  to  protein  synthesis  (Dr.  Cousins, 
Rutgers  University)  and  liver  and  kidney  metallothioneins  (Dr.  Whang er, 
Oregon  State  University) . 

The  relationships  between  dietary  antioxidants,  lipid  peroxidation,  and 
free  radical  events  associated  with  the  metabolism  of  carcinogenic 
compounds  which  promote  lipid  peroxidation  is  being  studied  in  isolated 
liver  cells  (Dr.  McCay,  Oklahoma  University) .   Since  most  carcinogens 
must  be  activated  by  an  oxidative  process  in  tissues,  and  since  some  of 
these  activation  processes  are  known  to  involve  free  radical  intermediates, 
the  possibility  exists  that  antioxidants  might  exert  a  productive  effect. 
The  glutathione  peroxidase  system  involving  selenium  and  vitamin  E  are 
receiving  special  attention. 

Studies  have  continued  on  the  diagnosis  of  iron  deficiency  and  utilization 
of  iron  from  breast  milk.   Dr.  Dallman,  University  of  California,  San 
Francisco,  has  found  that  breast  fed  infants  absorb  an  average  of  49%  of 
a  trace  dose  of  extrinsic  iron  administered  during  a  breast  feeding  in 
contrast  to  about  10%  reported  to  be  absorbed  from  cows  milk  under 
similiar  conditions. 

*Dec eased 
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Dr.  Crosby,  Scripps  Clinic  and  Research  Foundation,  has  continued  work 
on  serum  ferritin  measurements,  and  has  evidence  that  the  radiolabeled 
antibody  method  probably  underestimates  the  true  ferritin  in  sera  with 
high  concentrations.   Promising  results  also  have  been  obtained  with  the 
use  of  red  blood  cell  ghosts  for  delivery  of  iron  chelators  to  sites  of 
iron  storage.   This  test  is  being  used  more  widely  for  the  diagnosis  and 
follow-up  of  patients  with  diseases  of  iron  metabolism. 

Dr.  Carlisle,  UCLA,  has  found  that  silicon  is  a  dietary  essential  required 
for  the  synthesis  of  bone  matrix-collagen  and  mucopolysaccharides.   This 
new  finding  may  have  important  implications  in  human  diseases. 

Other  mineral  studies  supported  deal  with  the  effect  of  protein  level  on 
the  dietary  requirement  for  calcium,  the  effect  of  other  phosphorus 
administration  on  bladder  stone  disease,  and  the  development  of  improved 
methods  to  measure  the  utilization  of  magnesium. 

4.  Supportive  Nutrition  For  Patients 

Provision  of  adequate  nutritional  support  for  hospital  patients  and 
those  in  other  extended  care  situations  is  frequently  inadequate. 
Recently  it  has  become  clear  that  adequate  nutrition  support  services 
can  offer  new  approaches  in  the  treatment  of  many  diseases.   More  emphasis 
is  being  given  to  research  on  assessment  of  nutritional  status  of  patients 
and  their  modified  nutritional  needs.   Pilot  Clinical  Nutrition  Research 
Units  are  planned  for  FY  7  9  to  provide  a  central  focus  for  clinical 
human  nutrition  research. 

At  present  the  Nutrition  Program  is  supporting  4  grants  related  directly 
to  parenteral  nutrition  with  emphasis  on  the  requirements  of  fatty 
acids,  protein,  amino  acids,  trace  elements  and  other  micronutrients . 
Other  studies  deal  with  effect  of  nutrition  on  albumin  synthesis  of 
surgical  patients,  use  of  amino  acid  analogues  in  hyperammonaemias ,  use 
of  vitamin  D^  metabolites  in   treating  certain  bone  disorders  and 
improved  methods  of  measuring  nutrient  status.   Limited  data  revealed 
that  a  histidine  free  diet  for  27  days  did  not  affect  nitrogen  balance 
in  adult  man  suggesting  that  adequate  amounts  of  this  amino  acid  can  be 
synthesized  in  the  body  of  the  adult. 

5.  Fiber 
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Interest  in  the  role  of  dietary  fiber  has  lead  to  the  funding  of  several 
more  research  grants  and  new  knowledge  is  beginning  to  emerge.   In  one 
study  (Dr.  Oace,  University  of  California)  investigations  include  intestinal 
function  with  specific  dietary  fibers  i.e.,  cellulose  and  wheat  bran, 
the  effect  of  cellulose  on  vitamin  B^ „  and  folate  utilization  and  the 
role  of  specific  enzymes  on  fiber.   Preliminary  research  on  rats  show 
that  greater  amounts  of  vitamin  B--  are  excreted  with  high  cellulose  and 
high  protein  containing  diets.   Pectin  alone  elevated  the  urinary 
methylmalonic  acid  similar  to  the  fiber-free  control  rats.   In  another 
study  by  Dr.  Green,  Children's  Hospital,  Oakland,  California,  investigation 
is  proceeding  on  the  effect  of  dietary  fiber,  protein  and  bile  salts  on 
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metabolism  (Dr.  Eichner,  University  of  Oklahoma).   The  role  of  vitamin 
B    in  antibody  response  is  being  investigated  by  Dr.  Hall,  Albany 
Medical  College.   Dr.  Henderson,  University  of  Minnesota  is  measuring 
the  absorption  and  metabolism  of  the  various  forms  of  pyridoxine  and 
niacin,  using  the  perfused  rat  intestine.   Dr.  McCormick,  Cornell  University, 
in  studies  on  the  mechanism  of  action  of  riboflavin,  have  continued  to 
examine  flavin  interactions  with  amino  acid  residues  within  f lacoproteins, 
using  spectral  and  photochemical  property  measurements. 

In  studies  with  thiamine.  Dr.  Neal,  Vanderbilt  University,  found  an  oral 
dose  of  ethanol  to  reduce  urinary  thiamine  loss  to  about  the  same  extent 
as  thiamine  absorption  from  the  gut  was  reduced.   Intraperitoneal  injection 
of  thiamine  also  reduced  the  excretion  of  thiamine  in  the  urine  but  did 
not  reduce  in  the  absorption  from  the  gut. 

Heavy  metals  are  known  to  affect  thiamine  utilization  and  function  in 
certain  enzymes  central  to  energy  metabolism.   Investigators  are  supported 
at  Brigham  Young  University  (Dr.  Gubler)  to  examine  the  effects  of 
environmental  factors  on  thiamine  utilization.   A  radiometric  assay  for 
thiamine  pyrophosphokinase  activity  and  high  pressure  liquid  chromatographic 
methods  for  separation  of  derivatized  alpha  keto  acids  and  thiamine 
phosphate  esters  have  been  developed  by  this  investigator. 

US-Japan  Malnutrition  Panel 

The  US  Malnutrition  Panel  has  completed  another  sucessful  year  of  activities 
that  included  the  support  of  research  projects  in  its  priority  areas, 
individual  and  joint  meetings,  symposia  and  publications.   It  has  redefined 
its  established  objectives  in  accordance  with  its  research  progress  in 
these  areas.   In  addition,  the  Panel  has  begun  serious  examination  of 
the  potential  scope  of  its  new  objectives  "health  consequences  of  different 
(and  changing)  dietary  patterns  and  food  habits". 

The  joint  meeting  of  the  US-Japan  Malnutrition  Panels  held  on  November 
30,  1977,  was  accompanied  by  a  three-day  symposium  on  "Behavioral  Effects 
of  Energy  and  Protein  Deficits".   The  sessions  covered  much  of  the 
world's  current  information  on  the  effects  of  malnutrition  as  a  major 
component  of  the  total  environment  on  human  mental  development  performance 
and  behavior. 

The  US  Malnutrition  Panel's  program  has  continued  to  support  research 
relating  nutrition  to: 

1.  Host  and  Environmental  Factors  -  with  studies  on  the  effectivness 
of  orthphosphate  in  preventing  bladder  stone  formation  in  children; 

amino  acid  requirements  of  preschool  children;  improvement  of  protein 
quality  of  rice  and  role  of  potatoes  and  other  staple  foods  in  infant 
nutrition, 

2.  Infection  -  with  studies  on  newborn  immunocompetence;  response 
to  measles  vaccine;  and  intrauterine  nutrition,  and 
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3.   Brain  Development  and.  Performance^^  -  with  basic  studies  on  I^V 

changes  in  RNA,  RNAse,  DNA  polymerase  and  polyamines;  effects  of  iron  "^ 

deficiency  on  behavior  and  performance  of  children;  histochemical  changes 
in  the  brains  of  monkeys  suffering  from  prenatal  malnutrition;  and 
behavioral  effects  in  squirrel  and  rhesus  monkeys. 

Other  Activities 

The  Nutrition  Program  Director  has  served  as  the  NIAMDD  representative        ^ 
to  the  NIH  Nutrition  Coordinating  Committee. 
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Kidney,  Urologic  and  Blood  Diseases  Program 

The  Kidney,  Urologic  and  Blood  Diseases  Program  of  the  National  Institute  of 
Arthritis,  Metabolism  and  Digestive  Diseases  has  its  major  focus  on  research 
support  into  basic  mechanisms  underlying  biologic  processes  and  diseases  in 
the  relevant  disciplines  of  nephrologic,  urologic,  and  hematologic  systems 
and  their  disorders.   The  support  is  primarily  through  research  grants  with  a 
very  modest  investment  in  research  contracts.   Coordination  of  interests  in 
these  fields  is  maintained  formally  and  informally  with  other  institutes  of 
the  NIH,  other  government  agencies,  and  with  scientists  in  the  field.   Ongo- 
ing evaluation  of  research  supported  by  the  programs  of  research  in  the  fields, 
in  general,  is  continued  both  by  the  program  staff  and  through  consultation 
with  outside  experts. 

The  Evaluation  Study  of  Research  Needs  in  Nephrology  and  Urology  has  been 
published  by  the  GPO  (DHEW  Publication  Nos .  (NIH)  78-li»8l,  U82,  U83,  1h84 
and  ]kSS) ■      This  study  has  provided  a  state  of  the  art  survey  in  the  two 
related  fields  of  nephrology  and  urology,  indicated  areas  where  new  research 
should  be  encouraged  because  of  potential  expansion  of  knowledge,  and  factors 
such  as  human  and  economic  costs,  morbidity  and  mortality,  and  development  of 
procedures  and  techniques  necessary  in  order  to  facilitate  research. 
Examples  of  some  of  the  areas  recommended  in  which  action  has  been  taken 
include  the  initiation  of  Specialized  Centers  of  Research  (SCORs"*  in 
Urolithiasis,  issuance  of  an  RFP  for  development  of  micro  and  an  ultra  micro 
oxalate  method,  increased  efforts  to  acquire  better  data  about  incidence  and 
prevalence  of  kidney  and  urinary  tract  diseases,  and  sponsorship  of  workshops 
and  conferences  in  areas  where  potential  exists  for  advances  such  as  in 
immunology  of  renal  diseases. 

Five  SCORs  were  funded  in  September  1977.   These  have  facilitated  cross 
disciplinary  work  in  urolithiasis,  a  disease  which  requires  coordination  of 
contributions  from  many  disciplines  such  as  nephrology,  urology,  physical 
chemistry,  endocrinology,  metabolism,   genetics,  epidemiology,  biochemistry, 
gastroenterology,  etc.   The  staff  site  visits  to  these  centers  during  the 
first  year  indicate  that  collaboration  from  other  disciplines  than  those 
traditionally  doing  research  in  urolithiasis  has  been  improved.   Annual 
meetings  of  representatives  of  each  SCOR  (director  and  one  other  professional) 
as  well  as  site  visits  will  be  held  throughout  the  five  year  support  period 
of  the  SCORs. 

Efforts  to  increase  the  data  base  in  kidney  and  urinary  tract  disease  have 
intensified.   The  contract  awarded  to  the  Kaiser  Foundation  to  study  Renal 
Disease  and  Prevalence  Factors  is  in  its  third  year  and  has  generated  a  large 
quantity  of  data  which  is  being  analyzed  currently.   Papers  in  preliminary 
manuscript  form  concerning  urinary  tract  infection,  urolithiasis,  and  general 
incidence  of  kidney  disease  have  been  prepared  for  the  Kaiser  denominator 
publication.   In  addition,  an  epidemiologic  study  of  urolithiasis  is  in  the 
pilot  phase.   An  Intergovernmental  Personnel  Act  ( 1  PA)  Fellow  from  the 
Medical  College  of  Wisconsin  is  working  on  documentation  of  the  burden  of 
illness  attributable  to  kidney  and  urologic  diseases  in  the  U.S.  population. 
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The  major  thrust  of  this  effort  utilizes  the  data  systems  of  the  National     Mf'^ 
Center  for  Health  Statistics  which  has  a  large  quantity  of  data  that  is  eithei^' 
unpublished  and/or  is  yet  to  be  analyzed.   Preliminary  data  have  been  compiled 
in  response  to  requests  from  Congress,  the  biomedical  research  community, 
voluntary  health  agencies  and  other  government  agencies. 

In  addition  to  the  Research  Needs  in  Nephrology  and  Urology  completed  this 
year,  the  monograph  on  Prevention  of  Kidney  and  Urinary  Tract  Disease,       gt^- 
co-edited  by  Cecil  H.  Coggins  and  Nancy  B.  Cummings,  DHEW  Publication  No.     H 
(NIH)  77-855,  has  been  published.   In  preparation  for  a  Congressional  hearing, 
the  information  in  the  Data  Book,  Research  in  Kidney  and  Urinary  Tract 
Diseases,  FY  1976,  is  being  revised  for  FY  1977  and  will  be  published. 

Approval  for  an  evaluation  of  Hematology  Research  has  been  received  and  the 
contract  will  be  awarded  before  the  end  of  FY  1978.   This  study  will  assess 
the  state  of  the  art  and  potential  areas  for  new  research  directions  in 
hematology.   Two  conferences  have  received  major  support  from  the  Hematology 
Program,  "Cellular  and  Molecular  Regulation  of  Hemoglobin  Switching  in  Man  and 
Animal  Models",  and  "Proteins  of  Iron  Metabolism",  while  partial  support  has 
been  given  to  a  number  of  other  conferences  whose  topics  had  relevance  to  the 
aims  of  the  Hematology  Program.   The  Kidney  and  Urology  Program,  NIAMDO,  with 
the  NIAID,  is  sponsoring  a  meeting  on  "Immune  Mechanisms  of  Kidney  Disease"' 
in  October  1978. 

In  collaboration  with  outside  groups,  a  number  of  activities  have  been  carried 
out,  including  presentation  of  information  about  programs  supported  by  the 
program  to  the  Executive  Committee  of  the  American  Society  of  Hematology,  a 
meeting  of  the  Intersociety  Committee  for  Kidney  Research,  Coordinating  Counci^^ 
of  Urology,  and  the  Research  Committee  of  the  American  Urologic  Association.  ^^ 

Efforts  ar&   underway  to  develop  publications  aimed  at  lay  audiences  and  for 
practicing  physicians  about  current  research  in  relation  to  treatment  of 
kidney,  urologic  and  blood  diseases.   Selected  specific  diseases  as  well  as  a 
glossary  of  terms  will  be  topics  for  these  initiatives. 

Coordination  and  cooperation  with  other  institutes  and  government  agencies 
continues,  largely  on  an  informal  basis,  but  with  formal  membership  on  the 
Coordinating  Committee  for  Blood  Related  Activities. 
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06  Hematology  Program 

The  Hematology  Program  of  the  National  Institute  of  Arthritis,  Metabolism 
and  Digestive  Diseases  supports  extramural  hematologic  investigation  into 
studies  of  basic  mechanisms  of  normal  function  and  disease  pathogenesis, 
through  development  of  treatment  modalities,  to  clinical  application  and 
evaluation  of  treatment. 

Major  hematologic  categories  supported  are: 

1.  genet  ic  anemias ,  particularly  the  hemoglobinopathies, 
emphasizing  regulation  of  hemoglobin  and  hemoglobin 
synthesis  (e.g.,  Cooley's  anemia,  sickle  cell  anemia). 

2.  metabolic  disorders  related  to  iron  transport  and  storage 
(hemos  ideros  is),  porphyrin  metabolism  (porphyrias),  and 
enzymatic  defects  (red  cell  gl ucose-6-phosphate  dehydro- 
genase deficiency). 

3.  nutritional  anemias,  especially  those  involving  iron, 
folic  acid,  and  vitamin  B]2. 

h.      disorders  of  blood  cell  production,  such  as  those  encountered 

in  systemic  and/or  metabolic  disorders.   Examples  are  the  anemia 
of  chronic  renal  failure,  aplastic  anemia,  and  polycythemia. 

5.   immunology  of  hematopoietic  tissue  transplantation  and  of 
autoimmune  hematologic  disease. 

This  research  increases  both  fundamental  and  applied  knowledge  about  blood. 
Further,  the  availability  of  blood  and  blood  cells  facilitates  study  of  mem- 
brane phenomena,  protein  structure  and  function,  etc.,  to  obtain  information 
broadly  applicable  across  the  spectrum  of  medical  problems,  in  areas  such  as- 
chronic  renal  insufficiency,  transplantation,  and  malignancy. 

The  Hematology  Program  budget  for  support  of  extramural  research  and  training 
represents  about  6.1  per  cent  of  the  total  NIAMDD  extramural  budget  for  1977-78, 
as  compared  to  6.2  per  cent  in  1976-77,  thus  continuing  a  steady  relative  de- 
cline from  the  10^  reported  for  1973-7't. 

Genetic  Anemias 

Cooley's  anemia  (thalassemia)  and  sickle  cell  anemia  are   of  primary  interest 
in  kj    research  projects  supported  by  this  program.   They  include  research  on 
genetic  regulation  of  hemoglobin  synthesis,  hemoglobin  structure/function 
relationships,  form,  function  and  destruction  of  the  sickled  or  otherwise 
defective  red  blood  cell,  prenatal  diagnosis  of  conditions  on  the  basis  of 
hemoglobin  or  other  metabolic  analysis,  and  metabolic  consequences  of  the 
anemi  as . 

The  origins  of  many  hematologic  disorders,  including  the  hemoglobinopathies, 
are  incompletely  understood.   Therefore,  a  great  deal  of  basic  information 
is  needed  before  prevention  or  complete  cure  becomes  possible.   This  is 
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particularly  true  of  the  hemoglobir  pathies  where  much  information  is  needed 
on  structure,  function,  and  genetic  regulation  of  the  synthesis  of  hemoglobin 
in  a  variety  of  its  forms.   For  example,  comparative  amino  acid  sequence 
studies  of  hemoglobins  from  patients  with  various  hematologic  disorders  give 
useful  information  about  structure/function  relationships.   Several  labora- 
tories perform  basic  research,  are   developing  the  sophisticated  technology 
required  to  train  other  investigators  and  technical  personnel  in  the  complex 
techniques  involved,  and  act  as  clearinghouses  for  the  identification  and 
structural  analysis  of  new  hemoglobins. 

One  of  the  most  common  hemoglobinopathies  is  sickle  cell  disease,  which 
results  from  the  predominance  of  an  unstable  form  of  hemoglobin  (HbS) ,  which 
tends  to  aggregate  under  lowered  oxygen  condtions.   Aggregation  deforms  the 
red  blood  cells,  producing  bizarre  "sickled"  shapes  which  impede  blood  flow 
and  interfere  with  gas  exchange  in  the  tissue.   Much  basic  research  focusses 
on  the  structure  of  HbS,  on  genetic  and  other  mechanisms  of  regulation  of 
hemoglobin  synthesis,  on  factors  related  to  HbS  aggregation,  and  on  red  cell 
deformab  i 1 i  ty . 

A  large  number  of  drugs  have  been  shown  to  be  effective  as  ant i-s i ckl i ng 
agents  in  vi  tro.   Many  exert  their  beneficial  effect  by  altering  subunit 
tertiary  structure  and/or  by  shifting  the  quaternary  structure  of  hemo- 
globin S  in  a  way  which  reduces  its  tendency  to  aggregate.   Other  drugs  may 
simply  modify  surface  residues  which  are  located  at  the  tetramer  interfaces 
in  the  hemoglobin  fibers.   Identification  of  the  residues  which  are   modified, 
together  with  the  accurate  characterization  of  any  accompanying  structural 
changes,  should  provide  stereochemical  reasons  for  the  action  of  these  drugs, 
and  should  help  in  the  design  of  more  effective  drugs.   This  is  an  area  of 
very  active  research  by  several  investigators  supported  by  this  program,  even 
though  a  great  deal  of  trial  and  error  research  may  have  to  be  conducted  be-' 
fore  a  useful  treatment  is  developed.   However,  the  stereochemistry  and 
atomic  structure  of  several  forms  of  hemoglobin  are  much  better  understood 
as  a  result  of  this  research. 

A  major  program  effort  to  solve  a  more  basic  and  complex  problem  is  the 
elucidation  of  the  modulation  of  genetic  control  over  hemoglobin  synthesis. 
An  effective  cure  for  sickle  cell  anemia  and  thalassemia,  as  well  as  other 
hemoglobinopathies,  could  be  attained  by  induced  augmentation  of  net  syn- 
thesis of  fetal  hemoglobin  (HbF) .   It  is  well  known  that  presence  of  HbF 
confers  a  survival  advantage  on  red  cells.   This  program  has  supported  such 
research  for  many  years.   In  FY  1977,  the  program  shared  in  funding  several 
grants  responding  to  a  Request  for  Grant  Applications  issued  by  the  National 
Heart,  Lung,  and  Blood  Institute  (NHLBl)  for  research  aimed  specifically  at 
fetal  hemoglobin  synthesis.   In  June  1978,  the  NIAMDD,  NHLBi,  NCI,  and  the 
Hematology  Study  Section  of  the  Division  of  Research  Grants  jointly  sponsored 
a  grantees  meeting,  entitled  "Cellular  and  Molecular  Regulation  of  Hemoglobin 
Switching  in  Man  and  Animal  Models",  to  which  domestic  and  international  ex- 
perts were  invited.   A  symposium  volume  consisting  of  the  papers  delivered 
will  be  published  shortly. 

This  will  continue  to  be  a  major  research  subject,  not  only  because  of  its 
potential  for  the  hematologic  disorders  mentioned,  but  for  its  use  as  a  model 
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system  for  protein  synthesis  and  genetic  diseases  in  general.   The  very  most 
up-to-date  technolgy  is  being  applied,  including  recombinant  ONA  and  cell 
culture  techniques.   While  an  immense  effort  is  ahead,  major  advances  have 
been  made.   Fetal  hemoglobin  synthesis  has  been  induced  in  animal  systems 
for  the  first  time  by  applying  stress  such  as  exposure  to  hypobaric  pressure. 
The  fine  structure  of  globin  genes  is  being  worked  out,  both  in  the  normal 
and  thalassemic  forms,  and  will  help  to  uncover  the  regulatory  mechanisms 
i  nvol ved . 

Prenatal  diagnosis  of  hemoglobinopathies  by  fetoscopy  and  culture  of  fetal 
cells  is  being  improved  in  several  research  hospitals  around  the  world,  and, 
in  the  3-^+  years  since  its  beginning  as  an  experimental  procedure,  has  moved 
into  early  stages  of  clinical  use.   The  most  proficient  laboratories  are   now 
beginning  collaboration  which  will  lead  toward  standardization  of  techniques. 
This  procedure  has  resulted  in  the  carrying  to  term  of  dozens  of  infants  at 
risk  for  severe  hemoglobinopathies,  who  might  otherwise  have  been  aborted. 

The  only  available  treatment  for  thalassemic  patients  is  chronic  transfusion, 
ultimately  resulting  in  severe  and  fatal  iron  storage  disease,  with  cardiac 
failure  due  to  the  excess  iron  accumulation  in  the  heart.   The  NIAMDO  since 
igy*  has  had  a  contract  program  to  develop  new,  more  effective,  iron 
chelating  drugs,  for  clinical  use  in  decreasing  iron  overload.   The  only 
presently  available  drug,  desferr ioxami ne  B,  is  not  effective  orally,  and 
has  undersirable  side  effects.   Over  85  compounds  have  now  been  screened, 
using  hypertransfused  rodents  as  models  to  test  efficacy  of  chelation.   One, 
ethylenediamine  N,N'-bis  [ (2-hydroxypheny 1 )  acetic  acid],  is  undergoing 
subchronic  animal  toxicity  testing  as  a  result  of  its  good  chelating  ability 
and  low  toxicity  in  the  screen.   Some  other  compounds  have  shown  hopeful 
signs  of  efficacy,  and  several  classes  of  potential  chelators  have  yet  to 
be  examined. 

Metabolic  Disorders 


Porphyrin  metabolism  bears  a  relationship  to  hemoglobin  synthesis  and 
degradation,  iron  metabolism,  and  to  the  disease  entities  referred  to  as 
porphyrias.   Several  types  of  hereditary  porphyria  are    known  in  humans, 
and  are  under  study  in  research  sponsored  by  this  program.   One  investigator 
has  demonstrated  that  a  hepatic  heme  pool  exists  from  which  the  heme  gains 
access  to  various  biosynthetic  and  degradative  pathways,  the  systemic  cir- 
culation, and  the  bile.  Intravenous  administration  of  heme  drastically  de- 
creases the  bile  porphyrin  content  of  patients  with  coproporphyria,  and  may 
be  an  effective  treatment  modality.   Another  investigator's  recent  discovery 
of  hereditary  protoporphyria  in  cattle,  of  a  type  analogous  to  the  human 
form,  has  proven  very  useful  for  biochemical  and  therapeutic  studies. 

Nearly  $1.5  million  of  research  funds  are    used  to  support  studies  on  iron 
metabolism.   Disorders  of  iron  metabolism,  characterized  by  deficiency, 
excess,  or  inability  to  utilize  iron,  are   very  common.   Simple  iron  defi- 
ciency anemia  can  be  corrected  effectively,  but  many  refractory  anemias  exist 
for  which  there  is  inadequate  understanding  and  treatment.   The  sideroblastic 
anemias,  where  there  is  excessive  iron  in  hematopoietic  tissues  and  inade- 
quate hemoglobin  synthesis,  chronic  iron  overload,  resulting  often  in 
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transfusion-dependent  anemias  such  as  thalassemia,  and  accidental  iron  over- 
load from  tonics  represent  areas  which  need  extensive  research  into  iron 
transport  and  its  regulation. 

In  April  1977,  a  conference  entitled  "Proteins  of  Iron  Metabolism"  held  at 
Arden  House,  New  York,  was  sponsored  by  this  program,  and  brought  together 
international  experts  on  this  subject,  both  clinical  and  basic.   Among  the 
findings  discussed  was  the  fact  that  after  nearly  10  years  of  research  by     ^' 
many  investigators,  it  now  has  been  established  that  the  two  metal-binding     W 
sites  of  the  main  iron-transport  protein,  transferrin,  are  chemically  non- 
identical  and  distinguishable.   Until  19^7  it  was  commonly  held  that  trans- 
ferrin-bound  iron  in  plasma  behaved  as  a  kinetically  homogeneous  pool.   The 
two  sites  may  have  different  functions  related  to  storage  and  absorption  of 
i  ron. 

Another  unsolved  question  relates  to  the  mechanism  of  iron  exchange  between 
transferrin  and  the  proteins  of  iron  storage.   Protein-bound  iron  stores 
probably  do  not  receive  iron  directly  from  transferrin,  and  are  not  accessible 
to  i ron-chelat ing  agents  such  as  deferr ioxami ne,  used  for  treating  iron 
overload.   Several  v;orkers  have  postulated  an  "intracellular  labile  iron 
pool",  which  may  be  intermediate  between  storage  and  transport.   The  possible 
components  of  this  pool  are   under  investigation  by  workers  supported  by  this 
program. 

Nutritional  Anemias 

As  obtained  in  the  Health  and  Nutrition  Examination  Survey,  US,  1971-1972 
(DHEW/HRA) ,  the  U.S.  population  at  all  age  levels  exhibits  a  deficiency  of     aM 
the  nutrient  iron,  based  on  both  dietary  intake  and  biochemical  data.   The   -  ^^ 
biochemical  iron  deficiency  has  a  higher  prevalence  among  children,  but 
iron  deficiency  anemia  is  widespread  among  older  persons  as  well.   A  deoxy- 
uridine  suppression  test  using  transformed  lymphocytes  has  been  developed  to 
the  level  of  a  routine  clinical  test  for  marked  folate  deficiency  in  iron- 
deficiency.   Of  IS  subjects  with  apparently  pure  iron  deficiency  anemia, 
nine  had  evidence  of  folate  deficiency  on  conventional  testing,  but  S0%   had 
covert  folate  deficiency  detectable  with  the  newly-developed  test.   Since 
iron  deficiency  anemia,  which  may  impair  folate  nutrition,  is  the  most  com- 
mon disease  in  the  world,  associated  covert  folate  deficiency  may  well  be 
the  most  common  undiagnosed  disease. 

Disorders  of  Blood  Cell  Production 

The  recent  development  of  in  vi  tro  culture  methods  for  erythroid  colonies 
has  made  it  possible  to  embark  upon  detailed  studies  of  erythropoietic  regu- 
lation of  red  blood  cell  formation.   Erythropoiet i n-dependent  erythroid 
colonies  are    found  to  develop  from  marrow  erythroid  progenitors  (CFU-e) . 
Studies  on  the  erythropoietin  (Ep)  dose  response  curve  based  on  colony  forma- 
tion have  demonstrated  that  CFU-e  in  rapidly  regenerating  hematopoietic 
tissues  have  a  greater  requirement  for  Ep  than  equivalent  cells  in  normal 
marrow.   It  may  be  possible  to  detect  differences  in  the  nature  or  distrib- 
ution of  specific  Ep  receptors  on  the  membranes  of  erythropoietic  pregenitor 
cells.   An  example  of  the  appliction  of  this  technique  is  the  discovery  that 
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bone  marrow  cells  from  patients  with  polycythemia  vera  (Pv)  in  relapse,  when 
cultured  in  suspension,  failed  to  respond  to  Ep  to  the  same  degree  as  normal 
marrow  cells  or  cells  from  patients  with  secondary  polycythemias.   This  sup- 
ports the  concept  of  Pv  as  a  disorder  resulting  from  the  differentiation  of 
a  clone  of  hematopoietic  precursor  cells  not  under  the  usual  regulatory  in- 
fluence of  Ep.   Cellular  control  is  being  studied  by  this  technique,  and 
several  cohorts  of  helper  and  suppressor  cells  are  involved  in  a  way  sharing 
similarities  to  the  scheme  for  lymphocyte  proliferation  and  function. 

Techniques  are   also  now  being  developed  to  study  proliferation  of  megai<aryo- 
cytes  and  factors  that  control  platelet  function.   In  parallel  with  these 
studies,  marrow  transplantation  as  a  feasible  treatment  for  aplastic  anemia 
and  other  disorders  is  beginning  to  come  into  its  own.   The  immunogenet i cs 
and  immunob iology  of  foreign  bone  marrow  grafts  in  experimental  animal  models 
and  in  humans  is  being  studied,  and  the  genetic  mapping  of  hemopoietic  histo- 
compatibility genes  is  well  along.   A  great  deal  of  clinical  information  is 
being  gathered  regarding  proper  candidates  for  transplantation,  the  best 
timing  for  the  procedure,  factors  affecting  prognosis,  etc. 

As  a  result  of  this  progress, and  the  need  to  stimulate  research  into  etiology 
and  pathogenesis,  the  NIAMDD  and  the  NHLBI,  who  have  interrelated  interests 
in  this  field,  have  agreed  in  principle  to  sponsor  jointly  a  workshop  on 
aplastic  anemia  in  June  1979- 

The  most  serious  need  related  to  red  cell  proliferation  is  to  develop  an 
adequate  supply  of  erythropoietin  (Ep)  for  research  purposes.   Affinity 
chromatography  using  agarose-bound  lectins  and  other  ligands  has  made  possible 
considerable  purification,  but  much  remains  to  be  done.   The  overall  supply 
of  crude  Ep  is  also  limiting.   Until  those  problems  are   solved,  the  multitude 
of  questions  surrounding  Ep  cannot  be  answered.   These  include  the  mechanism 
of  action  of  Ep,  control  and  sites  of  synthesis  of  Ep,  and  the  possibility  of 
alleviation  of  the  anemia  of  chronic  renal  failure  by  therapeutic  administra- 
tion of  Ep. 

Immunology 

An  important  aspect  of  the  program  is  on  immunological  defense  factors.   One 
investigator,  studying  natural  resistance  of  mice  to  transplants  of  foreign 
bone  marrow  or  leukemia  cells,  has  found  that  macrophage- 1 i ke  cells  play  an 
accessory  but  i nd ispens i b le  role  in  graf t-vs-host  reactions.   All  anti-macro- 
phage  agents  weakened  resistance  to  parental  and  allogeneic  marrow  grafts, 
when  injected  before  or  after  transplantation.   Another  investigator  has 
established  a  model  system  to  study  immunological  factors  in  the  defense 
against  murine  leukemia  viruses,  which  consists  of  several  strains  of  a  con- 
genic  series  of  mice  which  vary  in  their  susceptibility  to  a  specific  murine 
leukemia  virus.   The  basis  for  resistance  by  these  mice  is  being  analysed  by 
suppressing  T  cell  function  with  ant i -  lymphocyte  serum  and  determining  the 
course  of  infection  in  animals  under  differing  conditions  of  treatment.   The 
thymus  appears  to  be  required  for  resistance. 

Autoimmune  hemolytic  anemia  is  a  medically  significant  disease,  and  represents 
the  prototype  for  a  variety  of  autoimmune  diseases.   Autoimmune  hemolytic 
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anemia  is  mediated  by  specific  ant i-erythrocyte  autoantibodies  with  specificitv 
for  higiily  restricted  determinants  on  a  few  selected  molecules  in  man  and 
certain  experimental  animals.   Using  the  NZB  mouse,  a  study  is  underway  to 
elucidate  the  structure  of  these  autoant i gens ,  and  the  basic  cellular  aspects 
of  the  immunogenes i s  of  the  autoimmune  responses.   The  NZB  mouse  is  used  be- 
cause it  is  genetically  predisposed  to  a  specific  ant i-erythrocyte  autoanti- 
body response.   These  studies  should  help  to  delineate  the  genetic  basis  and 
specific  cellular  dysfunction  responsible  for  the  disease,  and  may  provide 
a  rational  basis  for  analysing  the  human  form  of  the  disease,  and  point  the 
way  to  correction  of  the  immunologic  defects  responsible. 

Evalutation  Study  of  Research  Needs  in  Hematology 

A  study  of  the  scope  of  research  in  blood  supported  by  NJH,  with  emphasis  on 
the  NIAMDD  program,  in  relation  to  research  needs,  is  being  planned.   This 
study,  which  will  resemble  the  evaluation  of  Kidney  and  Urologic  disease 
research  recently  completed,  should  provide  reinforcement  for  some  of  the 
NIAMDD  hematologic  emphasis  areas,  and  new  directions  for  others.   It  is 
expected,  further,  to  help  define  the  role  of  NIAMDD  in  relation  to  other 
Institutes  which  support  blood  research.   The  study  will  be  completed  in 
calendar  year  I98O. 

Manpower  Development 

Individual  National  Research  Service  Award  (NRSA)  grants  coincide  with  the 
research  areas  supported  by  the  Program,  and  emphasize  basic  and  applied 
projects  designed  to  lead  to  prevention  and/or  cure  of  diseases  of  the  blood 
and  blood-forming  systems.   Of  the  projects  receiving  support  in  FY  1977, 
^  {^h%)    are  on  hemoglobin  and  hemoglobinopathies,  and  5  (56%)  are  on  dis- 
orders of  red  blood  cell  formation  and  destruction.   With  the  limited  number 
of  applications  funded  recently,  it  is  not  surprising  to  find  currently  no 
fellows  working  in  white  cell  or  nutritional  diseases,  for  example.   Also 
there  has  been  a  drop  in  the  number  of  individual  NRSA  applications. 

Institutional  NRSA  grants  for  the  most  part  provide  very  broad  opportunities 
for  training  in  hematologic  research,  as  opposed  to  tightly  focussed  study  of 
specific  disease  categories.   Thus  the  programs  supported  provide  training 
in  basic  aspects  of  hematology,  such  as  one  offering  work  on  red  cell  metab- 
olism, membranes,  enzymes,  iron  transport,  and  regulation  of  red  cell  pro- 
duction, or  another  which  crosses  several  disease  categories,  including 
sickle  cell  anemia  and  Cooley's  anemia,  anemia  of  chronic  renal  failure,  and 
leukemia. 
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12  --  Kidney  Disease  and  Urology  Program 

Although  over  a  third  of  the  grants  funded  by  the  Kidney  Disease  and  Urology 
Program  involve  basic  research  and/or  clinical  research  related  to  end-stage 
renal  disease  and  its  antecedent  diseases,  another  major  emphasis  of  the 
Kidney  Disease  and  Urology  Program  relates  to  structure  and  function,  both 
normal  and  abnormal,  of  the  l<.idney  and  urinary  tract  extending  from  the 
glomerulus  to  the  urethra.   To  complement  the  intensified  effort  in  the  area 
of  urolithiasis  that  was  initiated  during  FY  1978,  in  which  five  Specialized 
Centers  of  Research  (SCORs)  in  Urolithiasis  were  funded  at  the  level  of 
approximately  $1.5  M,  a  large  grant  was  recently  awarded  to  a  urologist  at  the 
Baylor  College  of  Medicine.   His  clinical  investigations  will  determine  the 
efficacy  and  safety  of  acetohydroxamic  acid  (AHA)  in  the  treatment  of  infec- 
tion-induced renal  stones.   It  is  purported  that  AHA  plus  methenamine  prevents 
and/or  causes  the  dissolution  of  stones  that  form  in  the  urinary  tract. 

In  terms  of  dollars  administered  by  the  Kidney  Disease  and  Urology  Program 
during  FY  1978,  the  support  for  research  grants  (l87),  program  projects  (9), 
Centers  (5),  Clinical  Investigator  Awards  (2)  and  Career  Development  Awards 
(13)  exceeded  $19  M,  while  the  support  for  National  Research  Service  Awards, 
both  institutional  (27)  and  individual  (22)  surpassed  $2  M. 

Analgesic  Nephropathy. 

The  lesior;  of  analgesic  nephropathy  was  first  described  in  1955  and  on  the 
basis  of  epidemiological  evidence  shortly  thereafter  analgesic  abuse  was 
implicated  as  a  causative  factor.   It  may  be  described  as  a  disorder  of  the 
kidneys  with  the  initial  lesion  occurring  in  the  medulla,  developing  after 
the  prolonged  ingestion  of  excessive  amounts  of  common  analgesics,  complicated 
by  papillary  necrosis,  sloughing  of  papilla  and  obstructive  nephropathy  lead- 
ing to  eventual  renal  failure,  and  associated  with  higher  than  normal  incidence 
of  carcinoma  of  the  urinary  tract.   Although  the  association  with  overuse  of 
analgesics  is  virtually  uncha 1 1 engable,  it  is  not  known  which  of  the  common 
analgesics  is  the  main  offender  nor  is  it  known  whether  combinations  of  drugs 
is  required  for  the  toxicity.   Useful  information  concerning  this  important 
clinical  problem  continues  to  be  produced  by  a  pharmacologist  at  Dartmouth  who 
thus  far  has  directed  his  attention  primarily  to  phenacetin  and  its  metabolites 
and  to  acetaminophen.   So  far  this  investigator  has  shown  that  acetaminophen 
becomes  concentrated  within  the  cells  of  the  papilla  by  a  flow  dependent 
mechanism,  but  phenacetin  does  not.   In  a  relatively  large  acute  dose, 
acetaminophen  depletes  glutathione  in  both  the  cortex  and  papilla.   The  postu- 
lated toxic  metabolite  of  acetaminophen,  N-hydroxyacetami nophen  has  also  been 
successfully  synthesized  in  this  laboratory.   While  the  intent  of  this 
laboratory  continues  to  be  primarily  directed  to  the  pathogenesis  of  the 
medullary  lesion  of  chronic  analgesic  abuse,  this  investigator  will  also 
direct  his  attention  to  acute  renal  failure  resulting  from  a  cortical  lesion. 
The  latter  is  seen  clinically  with  massive  doses  taken  with  suicidal  -  intent 
and  also  with  the  large  doses  employed  experimentally. 
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Benign  Prostatic  Hyperplasia. 

A  mul tid i scipl inary  group  at  Johns  Hopkins  University  School  of  Medicine  has 
undertaken  a  long-term  study  of  BPH  in  107  Beagle  dogs  of  known  age,  by 
grouping  animals  which  have  been  castrated  or  left  intact  and  treated  with  a 
series  of  androgens.   The  animals  are  being  sacrificed  and  a  complete  autopsy  ^ 
performed,  including  removal  and  histological  evaluation  of  the  prostate,     ^ 
testes,  epididymis,  vas  deferens,  bladder,  kidneys,  adrenal  glands,  p.ituitary, 
adipose  tissue,  muscle  mass  assessment,  femoral  bone  analysis,  pancreas  assess- 
ment and  skin  biopsies.   The  histology  of  the  prostate  will  also  include 
electron  microscopy  and  morphometric  analysis  in  collaboration  with  the 
Institute  of  Pathology  in  Basel,  Switzerland.   Preliminary  data  indicate  that 
estrogens  appear  to  stimulate  the  stromal  elements  and  smooth  muscle  components 
in  addition  to  inducing  rapid  and  synergistic  growth  of  the  prostate,  which 
could  be  an  important  component  in  the  development  of  BPH.   Also,  the  profiles 
of  steroid  metabolism  indicate  a  large  formation  of  the  7o^-hydroxylat ion 
product  of  3 /5 -androstand iol .   This  enzyme  has  been  characterized  and  its 
properties  are  in  the  process  of  being  studied. 

Renal  Tubular  Acidosis  in  Children. 

A  pediatric  group  at  the  University  of  California,  San  Francisco,  has  recently 
reported  the  attainment  and  maintenance  of  normal  stature  of  10  children  with 
Type  I  Renal  Tubular  Acidosis  (RTA) ,  even  after  previous  stunting  of  growth, 
when  correction  of  acidosis  was  sustained  with  doses  of  5  mEq/Kg/day  of  alkalij^ 
therapy.   In  each  of  7  patients  for  whom  adequate  alkali  therapy  was  started  * 
before  age  3  years,  nephroca Icinos i s  was  not  rad iograph i cal ly  demonstrated  at 
ages  7-17  years.   These  findings  contrast  sharply  with  previously  reported 
data  since  smaller  doses  of  alkali  (1-3  mEq/Kg/day)  allowed  stunting  to  persist 
or  occur  and  nephroca Icinos is  was  predictable  at  age  5.   Additional  planned 
studies  of  these  affected  children  will  be  investigated  with  respect  to  the 
occurrence,  direction  and  physiological  character  of  renal  biocarbonate  wasting, 
before,  during  and  after  the  period  of  "catch-up"  growth  that  attends  the  early 
course  of  corrective  alkali  therapy  and  during  the  increase  in  height  velocity 
at  normal  adolescence.   It  is  anticipated  that  the  data  derived  from  these 
patients  will  permit  more  rapid  and  accurate  assessment  of  therapeutic  needs  in 
these  RTA  patients. 

Role  of  Calcium  in  Fetal  Organ  Development. 
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The  important  role  of  calcium  (Ca"*"^)  ion  in  the  regulation  of  cell  membrane 
and  intracellular  dynamics  is  now  recognized.   Furthermore,  it  has  been 
suggested  that  Ca''"'"  may  play  a  role  in  the  cell  membrane  changes  that  take 
place  with  surface  recognition,  antigenic  reception  and  various  inductive  or 
proliferative  responses  of  the  cell  via  membrane  initiated  messages.   It  has 
been  further  demonstrated  that  Ca"'"''  ion  may  be  an  essential  mediator  in  the 
actions  of  cyclic  nucleotides  in  several  cellular  processes.   Because  of  an 
interest  in  the  ionic  regulation  of  fetal  development  and  inductive  processes, 
especially  in  the  fetal  kidney,  a  University  of  Minnesota  pediatric  group  has 
investigated  the  effects  of  a  low  Ca++  environment  upon  the  development  of    ^ 
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mouse  kidney  and  )ung.   Their  findings  indicate  an  inhibition  of  normal  fetal 
kidney  development  in  a  low  Ca++  media  whereas  the  lung  develops  more  normally. 
This  effect  was  overcome  by  the  addition  of  calcium  (CaCl2)  to  the  media  to 
provide  a  minimum  of  50%  or  greater  Ca"*"*"  concentration  as  compared  with  normal 
Ca"*"^   concentrations.   Attempts  to  restore  normal  development  by  the  addition 
of  CaCl2  3t  varying  time  intervals  in  organ  culture  after  exposure  to  low  Ca"*"*" 
concentrat ior:s  have  shown  inconclusive  results,  but  do  show  more  development 
if  Ca"*""*"  content  is  restored  100%  by  16  hours  as  opposed  to  2k   hours.   This 
finding  of  the  role  of  calcium  in  the  development  of  fetal  tissues  is  an 
exciting  observation  in  light  of  the  recent  explosion  of  knowledge  of  the  role 
of  that  unique  cation  in  mediating  several  primary  cellular  processes,  for 
example,  membrane  and  junctional  integrity,  processes  of  exocytosis  and 
secretion  and  mitogenesis.   This  model  should  enable  them  to  undertake  exten- 
sive studies  of  the  relationship  of  cell  surface  phenomena  to  contractile 
proteins  of  membrane  surface  during  processes  of  development. 

Ammonia  Metabolism  in  the  Kidney. 

A  major  problem  following  extensive  kidney  damage  is  the  burden  placed  on  the 
remaining  renal  tissue  to  regulate  acid-base  balance.   In  an  experimental 
model  of  subtotal nephrectomi zed  rats,  developed  by  a  KD  S  U  Program  grantee, 
it  has  been  reported  that  the  response  of  ammonia  excretion  to  acute  meta- 
bolic acidosis  was  defici'=nt.   However,  both  the  ammonia  response  and  renal 
glutaminase  level  did  improve  during  continued  metabolic  acidosis,  indicating 
that  the  damaged  kidney  could  adapt  by  increasing  its  ability  to  excrete 
ammonia,  and  therefore,  H+  ions.   Separate  experiments  showed  that  the  level 
of  glutaminase  in  the  subtotal nephrectomi zed  kidney  is  a  critical  factor  in 
the  improvement  of  the  ammonia  response  to  acidosis  in  conditions  characterized 
by  a  critically  low  level  of  renal  mass.   This  laboratory  is  also  systemati- 
cally examining  the  effects  of  ketoacidosis  on  renal  ammonia  production  and 
excretion  in  rats  and  is  comparing  these  effects  to  the  well-studied  effects 
of  ammonia  chlori de- induced  metabolic  acidosis,  a  potentially  important 
problem  in  that  fraction  of  the  population  suffering  from  diabetes  mellitus. 
Preliminary  data  indicate  that  elevated  ketone  bodies  do  not  appear  to  prevent 
the  adaptation  in  renal  ammonia  production  that  occurs  during  metabolic 
acidosis  associated  with  diabetes  mellitus. 


Morphometric  Studies  of  the  Kidney. 

The  transepi thel ial  absorption  of  fluid  in  proximal  convoluted  and  straight 
segments  of  the  nephron  is  thought  to  occur  principally  via  thin  channels 
defined  by  the  lateral  walls  of  adjacent  epithelial  cells.   Because  cells  and 
their  adjacent  intercellular  channels  in  these  tubule  segments  are   known  to 
have  complicated  shapes,  a  possibility  exists  that  the  shape  of  the  channels 
might  in  some  way  either  affect  flow  or  reflect  some  aspect  of  the  flow 
dynamics.   To  test  that  hypothesis,  a  group  at  the  Kansas  University  Medical 
Center  has  performed  morphometric,  electron  microscopic  studies  to  measure 
quantitatively  the  shape  of  those  channels.   They  found  that  the  proximal 
tubule  channels  indeed  are  very  complicated  in  shape.   Therefore,  because 
previous  models  of  epithelial  fluid  transport  had  developed  in  the  context  of 
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geometrically  simple  flow  pathways,  it  was  deemed  important  to  consider  the  f^ 
transport  problem  from  a  new  viewpoint,  that  is,  given  the  actual  dimensions  ^^ 
and  shape  of  the  complicated  flow  pathway  it  might  be  possible  to  develop  a 
new  and  perhaps  more  precise  model  for  water  movement  through  tubule  epithe- 
lium.  The  transport  model  which  this  group  proposed  derives  from  a  relation- 
ship with  which  they  have  been  able  to  correlate  structural  and  transport 
parameters  in  a  transcel lu lar  flow  pathway.   To  support  the  validity  of  this 
model,  the  group  has  used  the  model  to  predict  several  tubule  parameters      (^ 
which  previously  have  been  measured  experimentally  or  which  can  be  estimated  " 
independently.   The  agreement  between  their  predictions  and  appropriate  data 
from  other  sources  has  been  comparable.   To  obtain  further  support,  they  are 
now  applying  the  model  to  tubule  segments  other  than  the  proximal  segments 
for  which  it  was  developed.   Toward  that  end  they  have  obtained  quantitative 
structural  data  for  thick  ascending  limb  segments  of  rabbit  and  have  found 
that,  with  the  model,  one  can  accurately  predict  the  rate  of  volume  absorption 
in  that  segment.   Now  in  process  and  to  be  continued  during  the  next  year  are 
structure-function  studies  in  rabbit  cortical  collecting  tubule,  rat  proximal 
tubule,  and  in  tubule  segments  from  the  immature  cortex  of  newborn  rabbits. 

In  summary,  the  group  has  achieved  considerable  success  in  constructing  an 
analytic  formulation  of  transport  in  single  nephrons.   Should  planned  and 
ongoing  studies  of  different  species  and  different  tubule  segments  provide 
additional  confirmation  of  the  validity  of  their  model,  they  will  have 
developed  a  reliable  means  for  estimating  cellular  function  from  cellular 
structure.   The  ability  to  perform  such  assessments  will  have  obvious  appli- 
cations to  clinical  medicine  in  which,  for  example,  the  electron  microscopic 
study  of  biopsy  material  might  provide  important  information  about  underlying 
functional  defects.   Therapy  might  then  be  designed  to  correct  or  counteract 
the  functional  defect. 


Urinary  Tract  Stones. 

In  the  United  States  oxalate  is  a  major  component  of  approximately  two-thirds 
of  all  renal  stones  and  in  most  of  the  patients  with  calcium  oxalate 
nephrolithiasis,  pathophysiologic  mechanisms  are   not  well  understood.   Since 
the  concentration  of  oxalate  in  urine  is  much  less  than  the  calcium  concentra- 
tion, it  becomes  the  most  important  factor  in  controlling  the  calcium  oxalate 
solubility  product.   Therefore,  relatively  minor  changes  in  urinary  oxalate 
could  significantly  affect  the  propensity  to  form  stones.   These  facts  make  it 
imperative  that  an  accurate,  relatively  simple,  specific  and  sensitive  assay 
for  urinary  oxalate  be  available.   For  that  reason,  the  Institute  issued  a 
Request  for  Proposals  (RFP)  for  the  purpose  of  developing  a  new  or  improved 
simple  method  for  measuring  oxalate  in  biological  fluids,  namely  urine.   It  is 
anticipated  that  2  or  3  modest  sized  contracts  will  be  awarded  in  late  FY  1978 
or  early  FY  1979  to  meet  this  need. 


f 


f 


1055 


f 


Specialized  Centers  of  Research  (SCORs)  in  Urolithiasis. 

During  FY  19/8,  the  five  SCORs  in  urolithiasis  will  have  completed  one  year  of 
operation,  which  were  awarded  in  September  1977.   Institute  staff  visits  to 
four  Centers  indicate  that  advances  are  being  made,  both  in  terms  of  research 
productivity  and  the  development  of  strong  interdisciplinary  working  groups, 
the  latter  which  may  not  have  coalesced  without  the  benefit  of  the  SCOR 
mechanism.   According  to  one  SCOR  director,  a  special  bonus  of  the  SCOR  has 
been  the  fact  that  a  critical  mass  of  good  investigators  has  been  able  to 
attract  additional  colleagues  with  expertise  in  other  disciplines  who  have 
become  interested  in  the  work  and  are  contributing  to  the  intellectual 
discussions  even  though  direct  research  support  has  not  been  provided  for  their 
laboratories.   An  annual  rotating  meeting  of  the  SCOR  directors  and  Associate 
Directors  is  being  planned,  the  first  to  be  held  in  Dallas,  Texas,  November 
9"10,  1978.   These  meetings  will  afford  the  opportunity  for  interchange  of 
ideas  and  the  rapid  dissemination  of  recent  advances  by  each  SCOR  group. 

Conference  on  Immune  Mechanisms  in  Renal  Disease. 

On  October  1-^,  1978,  the  NIAMDD  and  the  NIAID  is  co-sponsoring  a  conference 
that  will  bring  together  scientists  with  major  interests  and  commitment  in  the 
areas  of  immunology  and  nephrology.   The  meeting  will  afford  the  opportunity 
to  discuss  the  "state  of  the  art"  in  areas  for  future  research.   It  is 
anticipated  that  approximately  120  scientists  will  be  in  attendance  and  a 
monograph  of  the  proceedings  will  be  published. 

Tra  i  n  i  ng . 

Three  new  and  one  renewal  institutional  National  Research  Service  Awards  (T32s) 
were  funded  in  FY  1978,  bringing  the  total  to  27  active  training  programs 
which  provide  stipends  for  70  postdoctoral  and  6  predoctoral  trainees.   In 
addition,  17  new  individual  National  Research  Service  Awards  (F32s)  were 
awarded,  increasing  the  total  to  22  active  fellowships  supported  with  FY  1978 
funds.   Four  new  Research  Career  Development  Awards  were  made,  bringing  the 
total  to  13.   The  Kidney  Disease  and  Urology  Program  issued  its  first  Clinical 
Investigator  Awards  (ClA),  one  for  the  support  of  an  investigator  who  is  study- 
ing immunogenet ic  determinants  in  the  pathogenesis  of  immune  complex  induced 
glomerulonephritis  and  another,  who  is  devoting  his  efforts  to  renal  phosphate 
and  calcium  transport  investigations. 
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The  Scientific  Communications  Section  has  the  responsibility  for  general 
programming  and  planning  of  communication  activities  concerned  with  the  various 
scientific  disciplines  that  are  charged  to  NIAMDD .   The  present  activities 
can  be  generally  grouped  into  four  main  categories: 

1.  Current  awareness  literature  services; 

2.  Retrospective  literature  studies; 

3.  Conferences  and  workshops;  and 

4.  Other  aspects  of  communication,  such  as  thesarus  development, 
production  of  motion  pictures,  etc. 

Current  awareness  literature  services  are  provided  by  the  Institute  in  several 
specialized  areas.   At  present,  there  are  four  publications  with  hierarchically 
arranged  listings  of  literature  citations  and  one  publication  which  includes 
abstracts.   GASTROENTEROLOGY  ABSTRACTS  AND  CITATIONS,  now  in  its  eleventh 
volume,  is  intended  to  provide  selected  abstracts  and  literature  citations 
in  all  aspects  of  gastroenterology,  biochemical  or  clinical.   Four  of  the 
publications,  ENDOCRINOLOGY  INDEX  (eleventh  volume),  DIABETES  LITERATURE  INDEX 
(thirteenth  volume),  INDEX  OF  DERMATOLOGY  (tenth  volume),  and  KIDNEY  DISEASE 
AND  NEPHROLOGY  INDEX  (fourth  volume)  contain  citations  to  current  world-wide 
literature  that  have  been  included  by  the  National  Library  of  Medicine  in 
their  Medical  Literature  Analysis  and  Retrieval  System  (MEDLARS)  as  well  as 
citations  gleaned  from  other  sources  of  biomedical  literature. 

To  produce  these  structured,  hierarchically-arranged  indexes  that  function 
as  indepth  current-awareness  tools  for  comprehensive  and  easy  review  of  partic- 
ular subjects,  we  have  cooperated  with  the  National  Library  of  Medicine,  and 
in  one  case,  also  with  the  University  of  Minnesota  and  the  University  of  Roches- 
ter.  The  standardized  terminology  used  in  MEDLARS  makes  these  publications 
invaluable  for  retrospective  literature  searching  and  invaluable  to  those 
who  are  interested  in  these  highly  specific  areas. 

For  each  publication,  outstanding  scientists  working  in  the  field  covered 
by  the  publications  have  been  assembled  as  editorial  advisors  to  insure  contin- 
uation of  the  high  quality  of  these  publications. 

Conferences,  symposia,  and  workshops  sponsored  by  NIAMDD  are  planned  and  organ- 
ized by  the  Scientific  Communications  Section.   In  addition  to  the  organization 
of  the  conference  with  the  conference  chairman  (including  physical  arrangement 
as  well  as  program  planning) ,  the  publication  of  the  proceedings  also  falls 
under  the  auspices  of  the  Scientific  Communications  Section. 

This  year  ten  conferences,  symposia,  or  workshops,  sponsored  completely  or 
jointly  with  other  Institutes  or  organizations,  were  held.   Conferences  and 
a  symposium  included  the  Eleventh  Annual  Contractors'  Conference  of  the  Artifi- 
cial Kidney-Chronic  Uremia  Program,  Guidance-Action-Projection  Conference 
on  Clinical  Scoring,  International  Conference  on  Behavioral  Effects  of  Energy 
and  Protein  Deficits,  Pathology  Conference  of  Inflammatory  Bowel  Disease, 
and  the  Symposium  on  Disorders  of  Mineral  Metabolism  in  Children.   Workshops 
included  Strategy  Workshop  for  Osteoporosis  Research,  Workshop  on  Model  Systems 
for  the  Study  of  Cystic  Fibrosis,  Workshop  on  Artificial  Devices  for  the  Control 
of  Blood  Glucose,  Workshop  on  Pancreatic  Islet  Cell  Transplantation  in  Diabetes, 
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and  Workshop  on  Peritoneal  Dialysis.   Less  extensive  support,  usually  along    1 
with  other  Institutes,  was  contributed  to  conferences  on  clinical  trials  method- 
ology, on  erythropoiesis  and  hemoglobin  synthesis  regulation,  trends  in  diabetes 
research,  transmembrane  signaling,  calcified  tissues,  complex  carbohydrates 
in  biological  recognition,  gastrointestinal  cancer  and  the  environment,  and 
nine  international  conferences  on  obesity,  rheumatic  disease,  nutrition,  trans- 
plantation, biophysics,  pharmacology,  flavins  and  f lavoproteins ,  hepatotoxicity  ^"' 
due  to  drugs  and  chemicals,  and  proteolysis  in  microorganisms.  |^ 

National  Library  of  Medicine's  on-line  MEDLARS  (Medical  Literature  Analysis 
and  Retrieval  System)  is  available  to  NLAMDD  staff  through  NIAMDD's  call  number. 
The  Scientific  Communications  Section  is  responsible  for  coordinating  this 
use  and  serves  as  a  reference  source  for  all  of  NIAMDD  staff  (Extramural, 
Intramural,  and  Administrative). 

In  addition,  numerous  other  activities  that  bear  on  scientist-to-scientist 
communication  as  it  affects  the  Institute  are  dealt  with  frequently.   Areas 
where  further  emphasis  possibly  should  be  placed  are  continually  in  review. 
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Project  Title:  DIABETES  LITERATURE  INDEX 

Contract  Number:  NOl-AM-0663 

Amount:  $124,798 

Contractor:  University  of  Minnesota 

Project  Officer:  Mrs.  Billie  B.  Mackey 

Man  Years : 


Total: 

.40 

Professional 

.15 

Other: 

.25 

Project  Description: 

The  DIABETES  LITERATURE  INDEX,  a  current-awareness  publication  produced 
monthly,  is  now  in  its  thirteenth  volume.   This  index  of  diabetes-related 
literature  was  brought  about  through  the  cooperative  efforts  of  the  NIAMDD , 
the  National  Library  of  Medicine,  and  the  American  Diabetes  Association,  and 
three  universities,  (University  of  Minnesota,  University  of  Rochester,  and 
Case  Western  Reserve  University),  as  well  as  many  individual  scientists. 

The  National  Library  of  Medicine's  MEDLARS  data  base,  containing  all  of  the 
current  biomedical  literature  citations  to  both  journals  and  books,  is  used 
to  retrieve  all  diabetes-related  bibliographic  citations  monthly.   Not  only 
the  primarily  diabetes-related  literature  are  included,  but  also,  approximately 
one  third  of  the  citations  of  interest  to  diabetologists  and  others  working 
in  the  diabetes  field,  are  carefully  selected  and  culled  from  the  peripheral  . 
literature.   Until  1971,  the  DIABETES  LITERATURE  INDEX,  consisting  of  a 
keyword  in  title  index  and  an  author  index,  was  prepared  from  a  computer 
printout.   Since  1971,  a  magnetic  tape  of  these  indexes  is  prepared  at  the 
University  of  Minnesota  and  is  used  to  generate  copy  for  offset  printing  by 
the  Government  Printing  Office  on  the  Linotron.   The  publication  includes 
three  formats,  a  hierarchical  subject  index  of  core  diabetes  literature,  an 
abbreviated  kejrword  in  title  index  of  all  diabetes  literature,  and  an  author 
index  including  index  terms  with  the  citations  (listed  under  the  first  author). 
The  citations  are  grouped  under  a  preconceived  hierarchical  structure  with 
related  subjects  grouped  together  making  it  easier  for  users  to  scan  their 
particular  interests  in  one  section. 

The  Scientific  Communications  Section,  NIAMDD  publishes  the  DIABETES 
LITERATURE  INDEX  monthly,  and  it  is  available  to  National  Institutes  of  Health 
grantees  or  contractors  with  interests  in  diabetes,  government  agencies  with 
responsibilities  in  this  area,  and  to  medical  school  libraries.   It  is  for 
sale  by  the  Superintendent  of  Documents,  Government  Printing  Office  for  a  fee. 
The  free  mailing  list  was  circularized  to  insure  currency. 
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Project  Title:  ENDOCRINOLOGY  INDEX 

Professional  Personnel:     Mrs.  Billie  B.  Mackey 

Man  Years:  Total:  .5 

Professional:      .2 
Others:  .3 

Project  Description: 

The  ENDOCRINOLOGY  INDEX,  a  bimonthly  current-awareness  publication,  is  now  in 
its  eleventh  year.   Each  issue,  containing  approximately  4,000  citations  of 
the  current  world  literature,  includes  both  journals  and  monographs  of 
interest  to  those  in  the  field  of  endocrinology.   This  bibliography  is 
produced,  with  the  aid  of  the  National  Library  of  Medicine's  Medical 
Literature  Analysis  and  Retrieval  System  (MEDLARS) ,  by  the  Scientific 
Communications  Section,  NIAMDD.   The  format  consists  of  citations  grouped 
in  eight  categories  (pituitary,  thyroid,  etc.)  and  each  category  has  a 
preconceived  hierarchical  organization  of  subject  headings.   Index  terms, 
assigned  by  the  indexer,  after  perusing  the  original  article,  appear  in  the 
author  section,  and  author  and  subject  indices  appear  in  each  issue. 

Citations  from  other  sources  are  selectively  added  including  monographs  and 
articles  of  potential  interest  to  neuroendocrinologists  chosen  from  the  six 
publications  of  the  Brain  Information  Service.   Work  with  the  Medical  Subject 
Headings  Section  of  the  National  Library  of  Medicine  is  ongoing  for  inclusion 
of  endocrine-related  vocabulary  in  the  computerized  vocabulary. 

ENDOCRINOLOGY  INDEX  is  available  to  National  Institutes  of  Health  grantees  or   ^ 
contractors  with  interests  in  the  field  of  endocrinology,  government  agencies' 
with  responsibilities  in  the  field,  and  medical  school  libraries.   It  is  for 
sale  by  the  Superintendent  of  Documents,  Government  Printing  Office  for  a 
fee.   The  free  mailing  list  was  circularized  to  insure  currency. 
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Project  Title: 

Contract  Number: 

Amount : 

Contractor: 

Project  Officer: 

Other  Professional 
Personnel: 


GASTROENTEROLOGY  ABSTRACTS  AND  CITATIONS 

NOl-AiM-4-2204 

$144,131 

Franklin  Institute 

Mrs.  Billie  B.  Mackey 


Dr.  Andrew  Greenhill 
Dr.  Gladys  Hirschman 
Dr.  David  Sherman 
Mrs.  Elsie  Yuen 


Man  Years : 


Total: 

.30 

Professional: 

.20 

Other: 

.25 

Project  Description: 

Since  January  1966,  NIAMDD  has  been  publishing  GASTROENTEROLOGY  ABSTRACTS  AND 
CITATIONS,  a  monthly  current-awareness  journal  for  gastroenterologists . 
Preparea  by  contract,  each  issue  contains  approximately  350  abstracts  and  750 
citations  of  the  significant  world  literature  on  gastroenterology.   The 
abstracts  and  citations  are  listed  under  three  main  categories:   Clinical 
Sciences,  Diagnostic  Procedures,  and  Gastrointestinal  Diseases,  and  these 
categories  are  subdivided  into  more  specific  groupings.   Each  issue  contains 
subject  and  author  indices  which  are  cumulated  annually. 

The  staff  evaluates  and  edits  the  abstracts  and  citations  for  relevancy  and 
quality  prior  to  publication.  As  the  result  of  closer  monitoring  this  past 
year,  the  editorial  format  has  been  upgraded  and  other  improvements  made. 

GASTROENTEROLOGY  ABSTRACTS  AND  CITATIONS  is  available  free  upon  request, 
to  qualified  investigators  with  NIH  grants  or  contracts  in  the  field  of 
gastroenterology,  to  other  government  agencies  with  responsibilities  in  this 
area,  and  to  medical  school  libraries.   In  addition  to  its  free  distribution, 
this  publication  is  for  sale  at  a  nominal  price  by  the  Superintendent  of 
Documents,  U.S.  Government  Printing  Office.   The  mailing  list  was  circularized 
to  insure  currency. 
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Project  Title: 
Professional  Personnel: 

Man  Years : 


INDEX  OF  DERMATOLOGY 

Mrs.  Elsie  C.  Yuen 
Mrs.  Billie  B.  Mackey 


t 


Total: 

.66 

Professional: 

.3 

Other: 

.36 

Project  Description: 

To  support  the  NIAMDD  Dermatology  Program,  and  respond  to  an  increased  interest 
and  demand  for  up-to-date  clinical  studies  and  research  information  in  derma- 
tology, NIAMDD  has  been  publishing  the  INDEX  OF  DERMATOLOGY  since  April  1972. 

The  INDEX  OF  DERMATOLOGY  is  a  monthly  recurring  bibliography  produced  by  the 
Scientific  Communications  Section  with  the  aid  of  MEDLARS,  the  Medical 
Literature  Analysis  and  Retrieval  System  of  the  National  Library  of  Medicine. 
About  1300  dermatology-relevant  citations  are  computer-selected  each  month 
from  MEDLARS  for  the  corresponding  month,  and  listed  under  general  clinical, 
biology,  and/or  cell  component  sections,  and  under  an  author  index.   The 
hierarchical  format  allows  titles  in  a  related  subject  area  to  be  grouped, 
on  the  basis  of  their  clinical  or  research  orientation,  under  a  specific 
subject  hearing. 

The  retrieval  is  monitored  and  the  camera  copy  of  the  bibliography  is  edited 
prior  to  publication.   Subject  headings  without  retrieval  are  checked  and     ^k 
noted  to  assure  that  relevant  citations  have  not  been  omitted.   The  formula-   ^B 
tion  is  updated  annually,  in  keeping  with  changes  the  controlled  vocabulary 
undergoes  every  year. 

To  keep  the  bibliography  useful  and  timely,  the  staff  draws  on  the  expertise 
of  the  Editorial  Advisors.   At  their  last  meeting  in  May  1978,  the  Editorial 
Advisors  suggested  an  overall  review  of  the  subject  headings  to  ensure  that 
the  INDEX'S  coverage  is  adequate  and  current.   In  June,  approximately  500 
individuals  and  medical  libraries  eligible  to  receive  a  free  subscription  to 
the  INDEX  were  sent  questionnaires  with  the  latest  issue  of  the  INDEX  OF 
DERMATOLOGY  asking  for  user  comment.   By  early  fall  some  tabulation  of  the 
results  should  be  available. 

The  INDEX  OF  DERMATOLOGY  is  available  free  to  qualified  investigators  with 

NIH  grants  or  contracts  in  the  field  of  dermatology,  to  other  government 

agencies  with  responsibilities  in  the  area,  and  to  medical  school  libraries. 

In  addition  to  the  free  distribution,  it  is  for  sale  by  the  Superintendent 

of  Documents,  Government  Printing  Office,  at  nominal  cost.   The  mailing  list 

is  circularized  to  insure  currency.  ^ 
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Project  Title: 
Professional  Personnel; 

Man  Years : 


KIDNEY  DISEASE  AND  NEPHROLOGY  INDEX 

Mrs.  Elsie  C.  Yuen 
Mrs.  Billie  B.  Mackey 


Total: 

.5 

Professional: 

.26 

Other: 

.24 

Project  Description: 

The  Kidney  Disease  and  Nephrology  Index  is  a  bimonthly  recurring  bibliography 
containing  the  most  recent  literature  citations  on  basic  and  clinical  research 
in  nephrology,  urology,  and  end-stage  kidney  disease.   It  is  produced  by  the 
Scientific  Communications  Section  of  NIAMDD,  with  the  support  of  MEDLARS 
(Medical  Literature  Analysis  and  Retrieval  System) ,  the  medical  literature 
data  base  maintained  by  the  National  Library  of  Medicine. 

Essentially,  the  publication  is  divided  into  three  parts  —  the  Subject 
Section,  the  Author  Section,  and  the  Appendix.   In  the  Subject  Section, 
approximately  2250  citations  are  arranged  hierarchically  to  group  similar 
subjects  together.   The  Author  Section  lists  the  articles  only  once  in 
alphabetical  sequence  by  the  first  or  only  author.   The  Appendix  contains 
indexes  by  subject  and  author,  and  twice  a  year,  it  also  carries  a  listing 
of  technical  reports  of  the  Artificial  Kidney  Chronic-Uremia  Research  Program 
deposited  with  the  National  Technical  Information  Service  (NTIS) .   These 
reports  are  available  from  NTIS  for  a  fee. 

The  staff  monitors  the  retrieval  and  edits  the  camera  copy  before  publication. 
The  search  formulation  for  the  bibliography  is  also  updated  annually  to 
reflect  changes  in  the  controlled  vocabulary  every  year. 

The  Kidney  Disease  and  Nephrology  Index  is  available  to  National  Institutes 
of  Health  grantees  or  contractors  working  in  nephrology,  urology,  or  on 
artificial  kidney  devices,  to  government  agencies  with  responsibilities  in 
these  areas,  and  to  medical  school  libraries.   It  is  for  sale  by  the 
Superintendent  of  Documents,  Government  Printing  Office,  for  a  fee.   The  free 
mailing  list  is  circularized  annually  to  insure  currency. 
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Project  Title: 


ARTIFICIAL  KIDNEY-CHRONIC  UREMIA  PROGRAM 

TENTH  ANNUAL  CONTRACTORS'  CONFERENCE  PROCEEDINGS 


Professional  Personnel: 

Mrs.  Billie  B. 

Mackey 

Man  Years : 

Total: 

Professional: 

Others: 

.4 
.2 
.2 

i 


Project  Description: 

The  Proceedings  of  the  Tenth  Annual  Contractors'  Conference  held  in  Bethesda, 
Maryland,  January  17-19,  1977  was  published.   About  275  individuals  attended 
of  whom  approximately  175  participants  were  contractors  and  their  staff, 
consultants  to  the  Artificial  Kidney-Chronic  Uremia'  Program,  and  Institute 
staff.   The  sessions  consisted  of  reports  of  existing  contract-funded 
research  and  development  projects.   The  presentations  were  grouped  in  two 
simultaneous  sessions.   One  session  covered  carbohydrate  and  lipid  metabolism, 
acetate  in  anemia,  biochemical  pathophysiology,  and  blood  access  and 
biocompatibility ;  the  other  session  included  the  topics  adsorbents,  membranes 
and  devices,  peritoneal  dialysis,  and  therapy  evaluation. 


Research  results  were  presented  in  the  prime  areas  of  the  Artificial  Kidney- 
Chronic  Uremia  Program  with  detailed  scientific  and  technical  information 
communicated  among  the  top  staff  of  the  currently  active  research  and 
development  projects.   A  plenary  session  included  summaries  of  major  points 
of  the  most  significant  findings  given  during  the  presentations. 


i 


The  Proceedings  were  given  worldwide  distribution  to  those  with  interests 
in  the  fields  of  nephrology  and  artificial  kidneys.   It  is  available  through 
the  National  Technical  Information  Service  for  a  nominal  fee. 
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Project  Title:  ARTIFICIAL  KIDNEY-CHRONIC  UREMIA  PROGRAM 

ELEVENTH  ANNUAL  CONTRACTORS'  CONFERENCE 
AND  PROCEEDINGS 

Professional  Personnel:     Dr.  Robert  J.  Wineman 

Dr.  Fernando  Villarroel 
Mrs.  Billie  B.  Mackey 
Mrs.  Elsie  C.  Yuen 

Man  Years:  Total  .4 

Professional       .2 
Other:  .2 

Project  Description: 

The  Eleventh  Annual  Contractors'  Conference  was  held  in  Bethesda,  Maryland 
on  January  16-18,  1978.   In  attendance  were  approximately  325  interested 
individuals  including  175  contractors  and  their  staff,  consultants  to  the 
Artificial  Kidney-Chronic  Uremia  Program,  and  Institute  staff. 

Presentations  of  existing  contract-funded  research  and  development  projects 
were  given  by  the  investigators.   Contracts  on  peritoneal  dialysis  were 
presented  on  the  first  day,  and  on  the  second  day,  three  simultaneous  sessions 
were  held.   The  topics  presented  in  one  session  included  carbohydrate,  lipid, 
and  acetate  metabolism,  anemia,  and  blood  compatibility.   The  second 
simultaneous  session  was  devoted  to  biochemistry,  physiology,  nutrition, 
devices,  and  experimental   therapies.   The  third  simultaneous  session,  a 
poster  session,  presented  topics  on  devices,  sorbents,  membranes,  and  blood 
access . 

Research  results  in  the  prime  areas  of  the  Artificial  Kidney-Chronic  Uremia 
Program  were  presented  with  detailed  scientific  and  technical  information 
communicated  among  the  top  staff  of  the  currently  active  research  and 
development  projects.   A  plenary  session  on  the  third  day  included  summaries 
of  major  points  of  the  most  significant  findings  given  during  the  presentations. 
The  Proceedings  will  be  published  in  the  fall. 
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Project  Title:  ARTIFICIAL  KIDNEY-CHRONIC  UREMIA  PROGRAM 

WORKSHOP  ON  PROGRESS  IN  PERITONEAL  DIALYSIS 

Professional  Personnel:        Dr.  Robert  J.  Wineman 

Dr.  Gladys  Hirschman 


i 


Mrs.  Billie  B.  Mackey 


Project  Description: 


Approximately  250  individuals  attended  the  Workshop  on  Peritoneal  Dialysis 
held  January  16,  1978  in  conjunction  with  the  Eleventh  Annual  Contractors' 
Conference.   Peritoneal  dialysis,  one  of  the  dialysis  therapies  for  kidney 
disease.   Although  peritoneal  dialysis  has  been  used  for  many  years,  it  fell 
into  disfavor  during  the  1960 's  mainly  because  of  its  complications  related  to 
the  method  of  access  to  the  peritoneal  cavity  and  the  high  incidence  of 
peritonitis.   With  improvements  in  peritoneal  catheters,  peritoneal  dialysis 
is  being  used  with  increasing  frequency. 

This  Workshop  presented  the  current  status  of  peritoneal  dialysis  technology 
and  its  use  as  a  therapeutic  method  in  the  treatment  of  kidney  disease  in 
adults  and  children.   A  comparison  of  peritoneal  dialysis  with  hemodialysis 
was  presented,  and  continuous  ambulatory  peritoneal  dialysis  was  discussed. 
A  round-table  discussion  considered  research  needs  and  the  speakers  made 
recommendations  for  future  efforts. 
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Project  Title:  ADVANCES  IN  DIALYSIS.   CLINICAL  NEPHROLOGY 

SYMPOSIUM 

Professional  Personnel:         Dr.  B.T.  Burton 

Mrs.  Billie  B.  Mackey 

Project  Description: 

During  the  1960*3  two  therapy  methods  for  irreversible  kidney  failure  were 
refined,  dialysis  and  renal  transplantation.   At  present,  the  number  of 
patients  currently  maintained  on  dialysis  in  the  world  approaches  90,000. 
The  improvements  in  dialysis  technology  has  been  so  extensive  that  a  state 
of  the  art  of  dialysis  therapy  was  considered  timely. 

This  symposium  "Advances  in  Dialysis"  presents  six  articles  covering  the 
major  aspects  of  this  therapeutic  method.   The  Symposium  focuses  on  advances 
in  dialysis  with  other  developments  related  to  therapeutic  technologies  in 
end-stage  renal  disease  such  as  hemof iltration,  sorbent  technologies, 
hemoperfusion  and  others  mentioned  where  relevant. 
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Project  Title: 


GUIDANCE-ACTION-PROJECTION  (GAP) 
CONFERENCE  ON  CLINICAL  SCORING  IN 
CYSTIC  FIBROSIS 


Professional  Personnel: 


Dr.  Robert  Beall 
Mrs.  Billie  B.  Mackev 


Project  Description: 

Cystic  Fibrosis,  one  of  the  most  serious  childhood  diseases,  is  diagnosed 
with  increasing  frequency  throughout  the  world  at  a  rate  of  nearly  1000  new 
cases  each  year.   It  claims  far  more  victims  as  a  cause  of  death  than 
rheumatic  fever,  diabetes,  and  poliomyelitis.   Cystic  Fibrosis  research  at 
present  is  directed  toward  clarifying  the  clinical  manifestations  of  the 
disease,  uncovering  the  basic  defect  responsible,  and  finding  the  best 
approach  to  treating  the  disease. 

This  Conference,  held  March  15,  16,  and  17,  1978  in  Tucson,  Arizona  was  co- 
sponsored  by  the  Institute  and  the  Cystic  Fibrosis  Foundation.   This  meeting 
covered  methods  of  scoring  for  the  evaluation  of  pulmonary  disease  in 
children  with  cystic  fibrosis  and  methods  to  evaluate  as  well  as  score  the 
cardiac  complications  occurring  as  a  consequence  of  chronic  pulmonary  disease. 
Metabolic  and  nutritional  disturbances  in  cystic  fibrosis  children  were 
considered  also.   The  purpose  of  this  conference  was  to  define  a  method  that 
could  be  uniformly  applied  for  quantitating  the  severity  of  cystic  fibrosis. 
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Project  Title:  International  Conference  on  Behavioral 

Effects  of  Energy  and  Protein  Deficits 

Professional  Personnel:         Dr.  Gerald  F.  Combs 

Mrs.  Billie  B.  Mackey 

Project  Description: 

The  purpose  of  this  international  meeting  was  to  review  the  effects  of 
malnutrition  on  behavior.   Both  animal  and  human  studies  were  discussed' 
during  presentations  from  Japan,  Europe,  West  Indies,  Latin  America,  Africa, 
and  India  as  well  as  the  United  States. 

This  conference,  sponsored  with  the  National  Academy  of  Science,  as  part  of 
the  NIAMDD  responsibility  for  the  U.S. -Japan  Malnutrition  Panel,  aimed  to 
present  the  developments  in  research  on  the  behavioral  effects  of  energy- 
protein  malnutrition  from  a  world-wide  standpoint  and  to  assess  the  research 
needs  of  the  future.   The  130  participants  after  considering  both  the 
subclinical  and  clinical  energy-protein  malnutrition,  addressed  future 
research  needs  and  implications  for  health  planning.   Publication  of  the 
proceedings  is  planned  in  the  future. 


f 


f 
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Project  Tide:  Pathology  Conference  of  Inflammatory 

Bowel  Disease 

Professional  Personnel:  Dr.  George  Kitzes 

Mrs.  Billie  3.  Mackey 

Project  Description: 

This  Conference,  held  October  29-30,  1977  in  Tarrytown,  New  York,  was  co- 
sponsored  by  NIAMDD  and  the  -American  Gastroenterological  .Association.   The 
purpose  was  to  assess  the  current  status  of  the  pathology  of  inflammatory 
bowel  disease  and  to  bring  together  a  group  of  specialists  in  this  area  to 
exchange  views  on  the  directions  for  research.   Some  of  the  issues  addressed 
were  the  lack  of  clinical,  clinical-pathological,  and  pathological  descriptions: 
the  lack  of  universal  agreement  on  the  significance  of  pathological  features; 
the  relationship  between  pathological  and  clinical  features;  and  the  relation- 
ship between  discoveries  in  immunology  and  morbid  anatomical  features.   The 
topics  addressed  were  grouped  in  three  sessions;  relationship  between  general 
pathology  of  inflammatory  bowel  disease  and  clinical  indices,  neoplasia  and 
inflammatory  bowel  disease,  and  the  i.mmunopathology  of  inflammatory  bowel 
disease.   Publication  of  the  proceedings  is  planned. 
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Project  Title: 

Amount: 

Professional  Personnel: 

Man  Years : 

Proj  ect  Description: 


THE  ROLE  OF  DIETARY  FIBER  IN  HEALTH  PROCEEDINGS 

$20,000  (contributed  by  NIAMDD) 

Dr.  Harold  Roth 

Mrs.  Billie  B.  Mackey 

Mrs.  Elsie  C.  Yuen 


# 


f 


Total: 


.05 


This  Conference,  held  on  March  28,  29,  and  30,  1977  in  Bethesda,  Maryland, 
was  supported  by  several  Institutes  including  NIAMDD,  NCI,  NHLBI,  NICHD,  and 
NIEHS.   The  Conference  included  a  plenary  session  in  which  the  speakers 
outlined  what  is  known  about  fiber  in  health  and  disease  today.   Six 
simultaneous  workshops  included  presentations  of  the  latest  research  findings 
in  human  gastrointestinal  bacteriology,  fiber  and  obesity,  fiber  and  diabetes, 
fiber  and  cancer,  and  fiber  effects  on  lipids  and  cardiovascular  disease. 
Summaries  of  the  most  important  points  were  presented  to  a  final  plenary 
session.   The  Proceedings  of  this  Conference  including  the  summaries  and 
identified  research  needs  will  be  published  in  October,  1978  as  a  supplement 
to  the  American  Journal  of  Clinical  Nutrition. 
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Project  Title: 
Professional  Personnel: 

Project  Description: 


STRATEGY  WORKSHOP  FOR  OSTEOPOROSIS  RESEARCH 

Dr.  G.  Donald  Whedon 
Mrs.  Billie  B.  Mackey 
Mrs.  Elsie  C.  Yuen 


Osteoporosis  is  a  syndrome  characterized  by  a  decrease  in  the  density  of  bone 
to  the  point  where  fractures  occur  after  little  or  no  trauma.   This  frequently 
age-related  phenomena  usually  begins  in  the  fourth  decade.   All  bones  are 
involved,  however,  there  is  greater  bone  loss  of  trabecular  bone  than  cortical 
bone  resulting  in  more  frequent  fractures  of  the  vertebrae,  proximal  femur  and 
distal  radius. 

This  Workshop,  held  February  8,  9,  and  10,  1978  in  Bethesda,  Maryland,  aimed 
to  assess  the  status  of  osteoporosis  research  and  to  map  strategies  for 
future  research  that  would  prove  feasible.   Areas  of  discussion  included  bone 
mass  measurement,  assessment  of  bone  remodeling,  epidemiology,  animal  models, 
identification  of  etiological  factors,  bone  cell  biology,  bone  chemistry, 
related  disorders  and  clinical  studies.   The  current  status  of  research  was 
assessed  and  recommendations  for  future  studies  were  made.   Approximately 
80  individuals  attended  the  Workshop. 
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SYMPOSIUM  ON  DISORDERS 
IN  CHILDREN 


OF  MINERAL  METABOLISM 


Professional  Personnel: 


Miss  Joan  D.  Fredericks 
Mrs.  Billie  B.  Mackey 


Project  Description: 

This  Symposium,  held  on  May  8  and  9,  1978  in  New  Orleans,  Louisiana,  addressed 
the  calcium  and  mineral  disorders  as  they  affected  children.   It  was  considered 
timely  to  hold  this  conference  with  the  recent  advances  in  methods  of  measuring 
hormones  such  as  parathyroid,  calcitonin,  and  Vitamin  D  and  its  metabolites 
that  are  of  major  importance  in  calcium  and  bone  homeostasis.   Abnormal 
mineral  metabolism  where  the  basic  mechanism  of  action  has  not  been  determined 
in  children  include  disorders  such  as  rickets,  renal  osteodystrophy  in  the 
newborn,  leukemias,  and  other  blood  diseases.   Both  clinicians  and  basic 
researchers  presented  their  latest  findings. 
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Project  Title:  Workshop  on  Artificial  Devices  for  the 

Control  of  Blood  Glucose 

Professional  Personnel:         Dr.  Lester  B.  Salans 

Mrs.  Billie  B.  Mackey 

Project  Description: 

This  Workshop  was  held  December  1  and  2,  1977  at  Bethesda,  Maryland.   The 
purpose  of  this  Workshop  was  to  determine  the  status  of  research  in  this  area 
and  to  recommend  future  directions.   Topics  covered  included  the  following: 
Instrumentation  systems,  applications  of  the  artificial  pancreas,  influence 
of  different  algorithms  on  glucose  regulation,  biocompatible  materials  and 
intravenous  techniques,  insulin  delivery  systems,  use  of  the  artificial 
pancreas  in  the  study  of  the  pathophysiology  of  diabetes,  and  mathematical 
modeling  and  glucose  regulation.   Glucose  sensors  and  new  methods  of  insulin 
delivery  were  also  discussed.   Approximately  60  individuals  participated. 
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Project  Title:  Workshop  on  Model  Systems  for  the  Study  of 

Cystic  Fibrosis 

Professional  Personnel:         Robert  J.  Beall,  Ph.D. 

Mrs.  Billie  B.  Mackey 

Project  Description: 

In  response  to  a  recommendation  of  the  Cystic  Fibrosis  Project  Report  to 
assess  the  possibility  of  developing  animal  models  for  cystic  fibrosis  . 
research,  a  workshop  was  held  on  May  25  and  26,  1978  in  Bethesda,  Maryland. 
Participants  in  the  Workshop  included  researchers  in  cystic  fibrosis  and 
individuals  with  experience  in  animal  models  and  in  vitro  systems.   The 
prime  emphasis  of  this  Workshop  was  on  the  development  of  animal  models, 
however,  other  methods  such  as  the  use  of  in  vitro  systems  were  discussed. 
Of  interest  were  the  use  of  isolated  cells,  organ  culture,  and  embryonic 
tissue.   Approximately  40  individuals  were  in  attendance. 
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Project  Title:  WORKSHOP  ON  PANCREATIC  ISLET  CELL 

TRANSPLANTATION  IN  DIABETES 

Professional  Personnel:         Dr.  Lester  B.  Salans 

Mrs.  Billie  B.  Mackey 

Project  Description: 

This  Workshop  was  held  November  29  and  30,  197  7  at  Bethesda,  Maryland.   The 
purpose  of  this  Workshop  was  to  assess  the  status  of  current  endeavors  in  this 
field  and  to  formulate  recommendations  for  future  research  needs.   Areas  of 
research  that  were  considered  include  transplantation  of  adult  islet  cells  in 
diabetic  animals  and  man,  transplantation  of  fetal  and  neonatal  pancreas  into 
diabetic  animals,  effect  of  the  diabetic  state  on  normal  kidneys  transplanted 
into  diabetic  patients  and  diabetic  animals,  effect  of  islet  cell  transplantation 
on  microvascular  complications  in  the  kidney  of  diabetic  animals,  transplantation 
of  islets  as  allografts  and  xenografts  of  the  thyroid,  and  use  of  artificial 
membranes  for  in  vitro  maintenance.   Approximately  60  individuals  participated 
in  the  Workshop.   A  summary  by  the  Chairman  was  published  in  the  journal, 
DIABETES,  in  April,  1978. 
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OFFICE  OF  THE  ASSOCIATE  DIRECTOR  M 

FOR 
PROGRAM  ANALYSIS  AiJD  SCIENTIFIC  COMMUNICATION 
ARTIFICIAL  KIDNEY  -  CHRONIC  UREMIA  PROGRAM 

Summary  Report 

Introduction  '',Mf 

The  Annual   Reports  for  the  previous  years  provide  detailed  background  on  the 
problems  of  end-stage  kidney  disease  and  elaborate  on  developments   in  the 
modality  for  its  treatment,   chronic  intermittent  hemodialysis.     In  addition, 
these  reports  give  a  detailed  description  of  the  planned  and  centrally 
directed  contract  program  of  research  and  development  organized  at  the 
National    Institute  of  Arthritis  and  Metabolic  Diseases  in  1966--The  Artifi- 
cial   Kidney  -  Chronic  Uremia   Program--which   is  aimed  at  development  of  im- 
proved and  less  expensive  dialysis  hardware  and  methodologies  and  at  optimal 
rehabilitation  of  chronic  dialysis  patients.     This  background  material    is 
not  repeated   here  but  the  reader  might  wish  to  familiarize  himself  with   it 
by  perusing   the  previous   reports. 

Current  Activities 


At  present,  over  35,000  patients   in  the  United  States  are  being  maintained 
by  chronic  dialysis.     Estimates  are  that  10,000  new  patients  each  year  will 
be  suitable  candidates   for  artificial    kidney  therapy  or  for  renal   transplants 
when   they  reach  a   stage  where  their  own  kidneys  no  longer  can  support  them. 
The  NIAMDD  Artificial    Kidney  -  Chronic  Uremia  Program  is  one  of  the  major 
efforts  to  create  the  technology  to  enable  these  persons   to  attain  a  higher    . 
level   of  rehabilitation  at  lower  cost.     The  goals  of  this  program  are  achieved 
through  contracts  placed  with  universities,   non-profit  research   laboratories, 
and  industrial    concerns.     Currently  about  60  contracts  are   in  effect  for 
carefully  selected  research  and  development  program  elements. 

Research  projects   in  the  program  include  studies  to  characterize  the  abnor- 
malities of  patients  maintained  on  dialysis   in  order  to  develop  improved 
therapies.      Examples  are  studies   to  define  metabolic,  endocrine,  and  neuro- 
logical  dysfunctions.     Other  program  elements  are  to  minimize  problems  of 
anemia,  sexual   dysfunction  and  uremic  bone  disease. 

Projects  are  also  underway  to   improve  various  aspects  of  treatment  methodology. 
These   include  studies   to   improve  the  efficiency  of  peritoneal   dialysis, 
efforts  to  develop  better  blood  access,  and  projects  to  define  and  evaluate 
other  therapeutic  modes  for  maintenance  of  end-stage  kidney  disease  patients. 
Prominent  are  evaluations  of  hemofil tration  and  sorbent  therapies.     High 
program  priorities  are  in  studies   to  quantify  therapy.     These   include  com- 
parisons of  various  therapeutic  modes  with  objective     measures  of  patient 
outcomes.      Improvement     in  acid-base  control    also   is  a  high  priority  area. 
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Accompi ishments 

Advances  in  Hemof i1 tratlon  and  Hemodialysis 

In  recent  years,  new  and  improved  treatment  procedures  have  been  devised 
and  are  under  careful  investigation.  One  of  them  is  hemofil tration ,  a 
process  pioneered  under  the  sponsorship  of  the  Institute's  Artificial 
Kidney  -  Chronic  Uremia  Program.  It  is  a  method  of  filtering  blood 
through  porous  membranes  which  quickly  remove  large  quantities  of  fluid 
together  with  uremic  waste  products  (as  well  as  necessary  salts). 
Necessary  chemicals  and  controlled  amounts  of  fluid  are  then  returned 
to  the  body  by  continuous  infusion.  Experience  to  date  indicates  that 
hemof il tration  is  well  tolerated  by  patients  and  may  result  in  better 
control  of  hypertension  and  lessen  other  side  effects  by  comparison 
with  conventional  hemodialysis.  Studies  are  now  under  way  to  elucidate 
these  preliminary  findings  and  to  assess  the  clinical  and  economic 
potential  of  this  method. 

Diet  Therapy  for  Uremic  Patients 

Elevated  levels  of  plasma  triglycerides  ("neutral  fats")  in  conjunction 
with  renal  failure  may  increase  the  risk  of  developing  atherosclerotic 
heart  disease.  Studies  by  Dr.  Robert  S.  Swenson  and  associates  of 
Stanford  University,  supported  by  NIAMDD,  have  therefore  been  conducted 
to  define  triglyceride  levels  during  moderate  to  severe  chronic  renal 
failure,  and  to  determine  if  these  levels  might  respond  to  modification 
by  dietary  manipulation .  Results  indicate  that  hypertriglyceridemia 
indeed  occurs  in  patients  with  moderate  to  severe  chronic  renal  failure, 
and  that  dietary  modification  promptly  reduces  triglyceride  levels  over, 
an  11  day  period.  This  research  suggests  that  a  prolonged  period  of 
hypertriglyceridemia  occurs  in  the  natural  course  of  chronic  renal 
disease,  and  that  a  defect  in  removal  of  "jery   low-density  lipoproteins 
(combinations  of  fats  and  proteins)  is  responsible  for  the  disorder. 
Because  this  condition  has  been  linked  to  accelerated  development  of 
atherosclerotic  heart  disease  in  end-stage  renal  disease  and  maintenance 
dialysis  patients,  it  seems  reasonable  to  attempt  to  lower  triglyceride 
production  rates  and,  consequently,  triglyceride  levels,  by  a  safe  and 
physiologic  approach  --  dietary  modification. 

Research  Progress  in  Peritoneal  Dialysis 

The  technique  known  as  peritoneal  dialysis  utilizes  the  lining  of  the 
abdominal  cavity  (the  peritoneum)  as  the  membrane  through  which  uremic 
waste  products  are  filtered.  Blood  is  not  removed  from  the  body  as  in 
hemodialysis.   Instead,  a  sterile  wash  solution  is  repeatedly  intro- 
duced into  the  abdominal  cavity  and  withdrawn  from  it  through  a  small 
tube  that  is  permanently  implanted  in  the  abdomen.  Each  time  the  wash 
solution  is  left  in  the  abdomen  for  about  20  minutes  during  which  toxic 
substances  are  removed  through  the  peritoneal  membrane  by  osmosis. 

Peritoneal  dialysis  is  not  used  nearly  as  much  as  hemodialysis.  One 
reason  is  that  until  recently  it  took  longer.  High  cost  and  increased 
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risk  of  intra-abdominal  infection  have  also  been  reasons  for  the  re- 
latively infrequent  use  of  this  technique  in  the  past,  but  these  dis- 
advantages seem  now  to  have  been  virtually  eliminated  through  research 
sponsored  by  the  Institute.  Particularly  important  was  the  development 
of  automated,  closed-cycle,  peritoneal  dialysis  machines  which  make 
their  own  sterile  flushing  solution;  they  have  greatly  decreased  the 
cost  and  risk  of  infection  in  this  treatment  method.  This  type  of 
dialysis,  moreover,  has  specific  advantages.  It  is  more  efficient  than 
hemodialysis  in  removing  some  toxic  uremic  substances,  and  it  is  safer 
since  it  does  not  involve  removing  blood  from  the  body  and  manipulating 
it.  It  also  eliminates  the  need  for  administering  blood-thinning  drugs 
(anti-coagulants),  and  it  is  simpler  to  teach  patients  to  dialyze  them- 
selves with  the  aid  of  the  new  peritoneal  dialysis  machines,  either  at 
home  or  in  a  dialysis  center. 

Dr.  Morton  Maxwell  and  his  associates  at  Cedars-Sinai  Medical  Center 
in  Los  Angeles,  have  been  working,  under  contract  to  the  NIAMDD  to  develop 
a  simple,  inexpensive,  safe  peritoneal  system  which  utilizes  sorbent 
chemicals  to  regenerate  peritoneal  dialysate,  thus  allowing  the  dialysis 
to  be  conducted  with  a  small  volume  of  dialysis  solution.  Animal  studies 
of  this  system  have  shown  that  it  may  be  possible  to  increase  dialysis 
efficiency  by  100  percent  or  more  using  techniques  of  continuous  flow 
peritoneal  dialysis,  and  the  investigators  say  the  system  offers  the 
potential  not  only  of  reducing  dialysis  time,  but  of  miniaturization  and 
development  of  a  wearable  peritoneal  dialysis  system.  Human  patients 
are  now  being  dialyzed  successfully  with  the  system  for  periods  up  to 
12  hours  with  biochemical  results  identical  to  those  obtained  with     ^ 
standard  dialysis  techniques. 

Continuous  Ambulatory  Peritoneal  Dialysis 

Another  improvement  in  peritoneal  dialysis  technique  is  currently  under 
investigation  by  Dr.  R.  P.  Popovich  of  the  University  of  Texas, 
Dr.  J.  W.  Moncrief  of  the  Austin  Diagnostic  Clinic,  and  Dr.  K.  D.  Nolph 
of  the  University  of  Missouri  Medical  Center.  With  NIAMDD  sponsorship, 
these  researchers  are  studying  the  technique  of  continuous  ambulatory 
peritoneal  dialysis  (CAPD)  to  determine  the  long  term  effects  of  what 
seems  to  be  a  simple  and  potentially  inexpensive  form  of  therapy  which 
liberates  the  patient  from  having  to  come  to  a  dialysis  center  three 
times  weekly  for  his  dialysis  treatment. 

Patients  in  CAPD  therapy  maintain  about  two  quarts  of  dialysis  solution 
in  their  peritoneal  cavity  24  hours  per  day,  except  for  short  periods 
of  drainage  and  installation  of  fresh  solutions  several  times  during    ^ 
their  waking  hours.  This  treatment  method  is  so  new  that  only  a  small  ^ 
group  of  patients  has  had  experience  with  it  to  date.  Their  enthus- 
iastic acceptance  and  the  potentially  reduced  cost  of  this  therapy, 
however,  make  it  a  promising  new  approach  to  maintenance  treatment 
of  end-stage  renal  disease  patients. 
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Suitcase  Artificial  Kidney 

Hemodialysis  patients  have  limited  flexibility  and  some  difficulty 
in  rehabilitation  because  of  the  need  to  conform  to  the  schedules  of 
treatments  in  a  dialysis  center.  The  introduction  of  home  dialysis  has 
permitted  greater  flexibility  in  patients'  scheduling  of  daily  activities 
Patients  are  still  limited  in  travel,  however,  and  in  other  pursuits 
because  of  their  need  to  reach  a  center  every   two  or  three  days. 

To  increase  mobility  of  home  hemodialysis  patients.  Dr.  Eli  A.  Friedman 
and  his  associates  at  the  Downstate  Medical  Center  in  Brooklyn,  with 
NIAMDD  contract  support,  have  developed  a  portable,  lightweight  hemo- 
dialysis system  that  is  transportable  in  a  small  suitcase  and  flight 
bag.  With  this  equipment,  which  will  soon  be  commercially  available, 
a  patient  can  travel  and  dialyze  himself  wherever  he  likes,  as  long 
as  he  has  access  to  running  warm  water  and  an  electrical  outlet.  This 
"suitcase  kidney,"  which  is  computerized,  is  simple  and  safe  to  operate, 
and  has  been  well -accepted  by  patients  who  have  used  it  experimentally 
in  travels  throughout  the  United  States  and  abroad.  The  investigators 
say  that  once  it  is  widely  used,  it  is  expected  to  result  in  improved 
patient  morale  and  that  greater  rehabilitation  may  be  achieved  through 
this  less  burdensome  and  restrictive  therapy. 
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CONTRACT  NUMBER:   N01-.'\M-4-2215  ^. 

CONTRACTOR:   Baylor  College  of  Medicine. 

AMOUNT:   $39,000. 

TITLE:  Abnormalities  of  Carbohydrate  Metabolism  in  Chronic  Uremia. 

OBJECTIVES:   The  objectives  of  the  research  performed  under  this         Wm-' 
contract  are  directed  towards  a  precise  definition  of  glucose  and 
glucose  precursor  kinetics,  and  an  elucidation  of  their  regulation 
in  chronic  uremia.  Major  attention  is  being  directed  towards  three 
discreet  aspects  of  carbohydrate  metabolism.   These  include  a 
characterization  of  the  role  of  inappropriate  and  excessive 
gluconeogenesis  in  the  hyperglycemia  of  uremia,  the  impact  of 
uremia  on  the  regulation  of  muscle  amino  acid  and  protein  metabolism, 
and  the  influence  of  uremia  on  the  suppressibility  of  endogenous 
hepatic  glucose  production  by  exogenous  glucose  as  in  dialysate 
solution. 

MAJOR  FINDINGS:   The  preliminary  data  indicate  that  the  elevated  glucose 
production  and  utilization  characteristic  of  the  uremic  state  is 
only  partially  ameliorated  by  hemodialysis  and  that  this  defect 
tends  to  reappear  during  the  interdialysis  period.   The  increased 
alanine  production  and  utilization  is  more  completely  corrected 
by  maintenance  hemodialysis,  although  an  increase  in  the  alanine 
production  rate  also  occurs  during  the  interdialyzed  period. 
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In  the  pre-dialysis  group  glucose  production  and  utilization  were 
considerably  elevated  at  1033.2  +^34.7  micromoles/min. ,  a  rate  which 
is  increased  approximately  60%  compared  to  a  control  group  matched 
for  age,  weight,  and  sex.   Following  hemodialysis,  glucose  production 
and  utilization  in  this  patient  group  decreased  to  791.2  +_  56.4 
micromoles/min.   Similar  declines  in  alanine  production  and 
utilization  following  dialysis  were  also  observed.   In  contrast  to 
these  decreases,  the  total  alanine  and  glucose  production  and 
utilization  following  dialysis,  gluconeogenesis  from  alanine  tended 
to  increase  in  the  immediate  post-dialysis  period  compared  to  pre- 
dialysis  studies.   Glucose  production  from  alanine  following  dialysis 
was  95.8  +_  9.2  micromoles/min.,  a  value  which  was  increased 
approximately  90%  over  rates  observed  prior  to  dialysis.   Similarly 
the  fraction  of  alanine  utilization  accounted  for  by  gluconeogenesis 
from  alanine  was  also  increased  in  the  post-dialysis  compared  to  the 
pre-dialysis  period.   In  the  post-dialysis  group  approximately      i 
40.9  +_   1.3%  of  the  total  alanine  utilization  rate  was  accounted  for  " 
by  gluconeogenesis  from  alanine  whereas  only  18.3  +_  2.4%  of  the 
overall  alanine  utilization  rate  was  accounted  for  by  gluconeogenesis 
from  alanine  in  the  pre-dialysis  period.   Thus,  the  percentage  of 
total  glucose  production  derived  from  alanine  increased  84% 
following  dialysis. 
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PROPOSED  COURSE:   This  contract  is  to  terminate  on  June  20,  1978, 

and  the  work  finally  being  done  is  that  which  is  necessary 
to  complete  the  objectives  as  outlined  above.   No  new  work  during 
this  annual  report  period  has  been  initiated. 
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CONTRACT  NUMBER:   NOl-AM-7-2230  W 

CONTRACTOR:   University  of  California. 

AMOUNT:   $224,346. 

TITLE:   Comparison  Between  Hemodialysis  and  Hemofiltration.  ,^^ 

OBJECTIVES:   To  compare  predilution  hemofiltration  with  hemodialysis. 

MAJOR  FINDINGS:   Four  newly  developed  hemofiltration  machines  generating 
"in-line,"  pyrogen- free  hemodilution  fluid  are  in  operation.  No 
patient  outcome  is  yet  available, 

PROPOSED  COURSE:   A  minimum  of  12  patients  will  be  studied  for  18 
months  in  a  crossover  design.   Patient  outcome  will  be  closely 
monitored. 
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Contract  Number:  NOl -AM-  5-2218 

Contractor:  University  of  California  at  Los  Angeles 

Amount:  $96,167 

Title:  Controlled  Evaluation  of  Maintenance  Peritoneal  Dialysis 

Objective:  To  evaluate  the  effect  of  long-term  peritoneal  dialysis  (PD)  on 
nutritional  status  by:  a)  assessing  nutritional  state  in  uremic  patients 
randomly  assigned  to  treatment  with  either  PD  or  hemodialysis  (HD)  as  in 
a  VA  Cooperative  Study:  b)  measuring  kinetics  of  albumin  loss  during 
PD  and  studying  the  effect  of  such  loss  on  albumin  metabolism;  c)  measur- 
ing plasma  proteins  specifically  those  that  may  appear  in  effluent 
dialysate  and  assessing  the  effect  of  such  losses;  and  d)  defining 
protein  requirements  in  patients  undergoing  maintenance  PD. 

Study  effectiveness  of  long-term  PD  in  uremic  patients  with  diabetic 
nephropathy.  They  will:  a)  compare  results  in  diabetic  patients  randomly 
assigned  to  treatment  with  either  HD  or  PD  in  a  parallel  VA  Cooper- 
ative Dialysis  Study:  b)  evaluate  whether  microvascular  disease  effec- 
tively reduces  the  permeance  and  clearance  of  the  peritoneal  membrane 
in  diabetic  patients  on  PD;  and  c)  evaluate  whether  intraperitoneal 
insulin  may  be  an  effective  method  for  managing  hyperglycemia  that 
occurs  in  diabetic  patients  during  PD. 

Major  Findings:  A  VA  Cooperative  Dialysis  Study,  involving  5  participating 
hospitals,  began  in  November,  1975.  Consenting  uremic  patients  have 
been  randomly  assigned  to  treatment  with  self-care  peritoneal  dialysis 
or  self-care  hemodialysis.  As  of  October,  1977,  261  patients  had  been 
accepted  for  ESRD  therapy  and  65  have  been  randomized  into  the  study. 
Seventeen  patients  with  end-stage  diabetic  nephropathy  have  been 
randomized  in  a  parallel  study.  Because  of  the  relatively  short 
duration  of  follow-up  and  a  policy  of  the  VA  Cooperative  Study  Program, 
comparative  results  remain  confidential  unless  significant  differences 
are  seen;  as  of  April  1977,  the  data  suggest  no  significant  differences 
between  outcomes  for  the  two  treatment  groups. 

Baseline  data  obtained  to  evaluate  nutritional  status  in  the  randomized 
patients  at  the  initiation  of  dialysis  included  anthropometric  measure- 
ments, estimates  of  dietary  protein  and  energy  intake  and  determination 
of  various  serum  proteins  and  plasma  amino  acids.  Control  observations 
were  obtained  in  51  sex-and  age-matched  normals  (hospital  employees). 
Relative  body  weight,  skinfold  thicknesses,  percent  body  fat  and  muscle 
mass  were  reduced.  Baseline  values  for  albumin,  transferrin  and  C3  were 
below  normal,  observations  consistent  with  a  poor  nutritional  status. 
Follow-up  results  obtained  at  3  monthly  intervals  generally  showed  a 
reduction  in  various  parameters  of  nutrition,  i.e.,  decreased  albumin, 
transferrin  and  muscle  mass.  Moreover,  these  decreases  were  often  more 
marked  in  those  undergoing  hemodialysis  than  in  those  treated  with 
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peritoneal  dialysis.  Further  observations  in  additional  patients  and   ^ 
over  a  longer  follow-up  period  are  needed  to  substantiate  these  findingsjP 


Large  protein  losses  noted  in  numerous  studies  during  acute  peritoneal 
dialysis  are  a  potential  cause  of  protein  malnutrition  with  maintenance 
peritoneal  dialysis.  Therefore,  the  losses  of  various  serum  proteins 
during  peritoneal  dialysis  in  12  male  patients,  aged  46-74  years 
(median  age,  58  years)  who  had  been  undergoing  maintenance  peritoneal 
dialysis  for  1.5-2S  months  (median  7  months)  were  evaluated. 

Although  exceptions  occur  in  individual  patients,  the  magnitude  of 
protein  loss  noted  during  maintenance  peritoneal  dialysis  are  insuffi- 
cient to  produce  protein  malnutrition  or  immunoglobulin  deficiency. 

Proposed  Course:  This  project  will  be  continued. 
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CONmaiCT  NUMBER:   NOl-AM- 3-2210 

CONTR.'VCTOR :   University  of  California  at  Los  Angeles. 

ANIOUOT:   $99,123 

TITLE:   Nitrogen  Metabolism  in  Uremia. 

OBJECTIVE:   The  objective  of  this  contract  is  to  evaluate  the 

nutritional  requirements  and  nitrogen  metabolism  in  patients 
with  chronic  CCRF)  and  acute  (ARF)  renal  failure  and  establish 
guidelines  on  the  requirements  of  the  essential  and  nonessential 
protein  mixtures  or  ketoacids  which  could  be  utilized  more 
efficiently  than  diets  providing  food  protein  and  that  could 
be  associated  with  generation  of  less  nitrogenous  metabolites 
and  eventually  provide  a  temporary  alternative  to  dialysis 
therapy  in  uremic  patients,  or  improve  their  overall  nutritional 
status. 

This  study  will  be  carried  out  in  two  main  areas  of  investigation: 
(a)  nutritional  therapy  in  uremia,  and  (b)  amino  acid  and  nitrogen 
metabolism  in  uremia. 

Under  (a),  the  following  aspects  are  to  be  evaluated: 

1 .  Parenteral  nutrition  with  animo  acid  in  acute  renal 
failure:   total  parenteral  nutrition  with  solutions 
providing  two  different  levels  of  essential  amino  acids 
or  essential  and  nonessential  amino  acids  will  be 
administered  to  approximately  ten  patients  v\/ithin  each 
regime.   Caloric  intake  will  be  at  a  level  of  about 
3,000  -  3,300  Kcal/day. 

2.  Metabolic  response  to  catabolic  stress:   eight 
patients  in  CRF  will  be  studied  in  periods  of  acute 
metabolic  stress. 

3.  Comparison  of  protein,  amino  acid  and  keto  acid 
diets  in  CRF:  ten  chronically  (nondialysis)  uremic 
patients  will  be  studied  while  receiving,  in  random 
order,  four  different  diets  for  20  days  each. 

4.  Amino  acid  losses  during  hemodialysis  in  patients 
receiving  i.v.  amino  acid:   ten  to  twelve  stable  patients 
undergoing  hemodialysis  will  be  studied  on  two  occasions: 
1.   fasting;  2.  fasting,  but  receiving  parenterally  a 
mixture  of  essential  and  nonessential  amino  acids  and 
glucose . 
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Parameters  to  be  evaluated  include  plasma  and  muscle 
amino  acids,  serum  total  protein,  albumin,  transferrin, 
IgG,  IgA,  IgM,  C3,  C4,  methylamines,  glucagon,  insulin, 
urea,  and  also  nitrogen  appearance:  muscle  biopsies 
will  be  done  whenever  possible. 

Under  fb)  -  Amino  acid  and  nitrogen  metabolism  in  uremia  - 
the  following  aspects  will  be  studied: 

1.  Valine  metabolism:  kinetic  studies  of  valine 
metabolism  will  be  conducted  in  three  to  four  CRF  patients 
before  and  after  starting  hemodialysis;  three  normal 
control  subjects  and  three  to  four  CRF  subjects  while 
receiving  similar  low  protein  diets  and  10  to  14  days 
after  valine  supplementation.   A  third  group  of  six 
normal  controls  and  six  CRF  patients  will  be  given 
continuous  i.v.  L-Valine  114  C  over  several  hours. 

2.  Polyamine  Metabolism:   spermidine,  spermine  and  its 
ratio  will  be  assessed  in  red  blood  cells,  leukocytes  and 
urine  of  normal  subjects  and  patients  with  mild  and 
advanced  renal  failure  (before  and  after  dialysis  treatment) . 

3.  Muscle  and  Blood  Cell  Amino  Acia  Levels:   muscle 
and  blood  cell  amino  acid  level  concentrations  will  be 
measured  serially  in  patients  with  various  degrees  of 
renal  failure,  while  on  hemodialysis  or  peritoneal 
dialysis,  and  in  normal  si±ijects;  its  interrelationships 
with  nutritional  intake  and  nutritional  status  will  be 
determined. 

MAJOR  FINDINGS:   Thus  far,  14  patients  were  studied  with  parenteral 
nutrition  ulth   amino  acid  in  ARF,   Three  infusions  have  been 
evaluated;  the  caloric  content  of  all  of  them  was  2,100  Kcal/day. 
All  patients  remained  in  negative  nitrogen  balance  and  hyper- 
catabolism  was  not  corrected.   IVhen  comparing  proteins,  amino 
acid  and  keto  acid  diets  in  CRF,  26  patients  ^^?ere  assigned  in 
random  fashion  to  diets  providing  either  proteins  of  high  bio- 
logical value  alone,  or  a  mixture  of  EAA  and  non-EAA,  or  EAA 
plus  mixed  quality  proteins,  or  EAA  alone.  Mean  nitrogen 
balance  was  neutral  or  slightly  positive  with  all  diets;  there 
was  more  tendency  toward  negative  nitrogen  balance  with  EAA 
alone  but  the  urea  nitrogen  appearance  was  least  with  this 
diet,  followed  by  the  EAA-protein  combination.   Preliminary 
conclusions  are  that  patients  with  a  GFR  of  4  -  5  ml/min 
should  receive  a  0.55  -  0.60  g/Kg  of  protein  in  their  diet. 
With  GFRs  of  2.5  or  3.0  -5.0  ml/min  E.AA  protein  and  0.47  g/Kg 
of  EM  diet  may  be  prescribed  depending  on  patient  preference. 
With  GFR  below  2.5  -  3.0  ml/min  and  dialysis  therapy  not  available, 
the  0.47  g/Kg  EAA  diet  is  preferable.   The  relative  value  of  this 
very  low  nitrogen  diet  vs  treatment  with  maintenance  hemodialysis 
has  not  yet  been  defined. 
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Final  reports  on  dietary  histidine  requirement  in  both  normal 
and  chronic  uremic  subjects  suggest  that  histidine  is  an  EAA 
for  CRF  and  normal  subjects,  and  these  observations  suggest 
that  histidine  requirements  are  more  than  8  mg/Kg/day  and  may 
be  as  great  as  12  mg/Kg/day.   Work  was  completed  on  the  metabolic 
aspects  on  histidine  deficiency  in  rats  and  its  suggests  that 
muscle  carnosine  may  serve  as  an  endogenous  source  of  histidine. 
Evidence  was  also  obtained  that  impaired  protoporphyrin  synthesis 
may  be  a  cause  of  anemia  in  histidine  deficiency. 

In  reference  to  valine  metabolism,  studies  done  at  this  point 
are  only  preliminary  and  suggests  that  increased  degradation 
of  valine  may  cause  low  valine  pools.   Defects  in  valine 
metabolism  may  not  be  corrected  until  dialysis  has  gone  on 
for  long  periods  of  time. 

PROPOSED  COURSE:   The  above-mentioned  studies  are  to  be  carried  out  in 
approximately  18  to  24  months'  time.   It  is  estimated  that  this 
is  the  time  required  to  complete  the  proposed  research  protocol. 


1090 


CONTRACT  NUMBER:   NO 1- AM- 7-2204 

CONTRACTOR:   The  Regents  of  the  University  of  California  in  Los  Angeles.  W 

.;\MOUNT:   $146,050. 

TITLE:   Study  of  1 , 25-dihydroxycholecalciferol  (1 ,25 (OH)2D3}  as  a 

Prophylactic  Agent  for  Renal  Osteodystrophy  in  Dialysis  Patients. 

OBJECTIVES:   The  goals  of  this  project  are:   a)  to  evaluate  the'   .      ^ 
efficacy  of  1,25 (OH) 2  D3  in  preventing  the  development  of 
overt  osteodystrophy;  b)  to  establish  guidelines  for  the  use 
of  this  agent,  seeking  to  identify  potential  side  effects  and 
toxicity  associated  with  such  treatment.   In  addition,  it  is 
hoped  that  the  characterization  of  the  nature  and  clarification 
of  the  pathogenesis  of  the  dialysis  bone  diseases  that  are 
unresponsive  to  treatment  with  l,25(OH)2D3  will  be  established, 

A  double-blind  clinical  study  has  been  designed;  it  involves 
three  dialysis  centers  in  which  following  stratification,  the 
control  group  vifill  receive  matching  placebo  capsules  while 
the  study  group  will  be  given  1,25(0H)2D3  in  increasing  doses. 
The  study  comprises  a  pre- treatment  period  of  three  to  five 
months  to  collect  basal  data  following  which  patients  will  be 
stratified;  longitudinal  treatment  period  and  follow-up  are 
designed  to  comprise  25  to  30  months. 
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Monitoring  parameters  will  be:  serum  levels  of  calcium, 
"    phosphorous,  magnesium,  alkaline  phosphatase,  1 .25  rOH")2D3j 
iPTH,  bone  photon  densitometry  and  x-rays. 
Muscle  strength  and  physical  status  will  be  periodically 
evaluated.   These  parameters  are  evaluated  to  assess  efficacy 
and  safety;  bone  biopsies  will  be  performed  in  each  new  patient 
entered  in  the  study,  and  repeated  9  to  12  months  after. 

MAJOR  FINDINGS:   Initial  patients  have  been  recruited  into  the  study; 
base-line  serum  biochemical  data  and  clinical  observations  are 
being  documented  but  it  is  still  too  early  to  process  these 
data.  A  separate  clinical  entity  with  progressive  debility 
and  bone  fractures  in  dialysis  patients  has  been  described; 
these  patients  exhibit  histologic  features  characteristic  of 
mineralizing  defects  but  the  skeletal  disease  shows  no  relationship 
to  serum  calciimi  and  phosphorous  levels,  nor  improvement  in 
treatment  with  active  forms  of  Vitamin  D.   Results  are  still 
preliminary  and  underway.  j^P 

PROPOSED  COURSE:  Given  the  circumstances  set  forth  above,  it  is 
inferred  that  completion  of  this  research  protocol  may  take 
24  to  30  additional  months . 


# 
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CONTRACT  NUMBER:   NOl-AM-5-2204 

CONTR^^CTOR:   The  Regents  of  the  University  of  California,  San  Francisco. 

AMOUNT:   $89,855. 

TITLE:   Abnormalities  of  Nervous  System  Function  in  Uremia. 

OBJECTIVES:   The  objectives  of  this  study  are  designed  to  investigate 
the  different  aspects  of  neurological  manifestations  of  uremia: 
etiology  and  pathogenesis  of  the  dialysis  encephalopathy  syndrome, 
the  prevention  of  the  dialysis  disequilibrium  s>Tidrome,  the  effects 
of  parathyroid  hormone  on  the  central  nervous  system  and  the 
etiology  of  neurological  manifestations  of  chronic  renal  failure 
(CRF) . 

Research  will  be  divided  into  five  major  areas  of  investigation: 

(1)  Dialysis  encephalopathy:   to  be  carried  out  in  normal 
subjects,  acute  renal  failure  patients  (ARF) ,   CRF  patients 
on  dialysis  and  those  not  on  dialysis  who  are  being  treated 
with  aluminum  hydroxide,  metastatic  cancer  other  than  in  brain 
patients  with  hepatic  coma  secondary  to  alcoholic  cirrhosis, 
and  patients  with  dialysis  dementia.   Work  in  experimental 
animals  is  designed  to  complement  the  'luman  studies. 

(2)  Dialysis  Disequilibrium  Syndrome:   six  to  ten  chronic 
renal  failure  patients  will  be  studied  during  the  first  two 
dialysis  treatments.   0.7%  solution  of  glycerol  will  be 
added  into  the  dialysate  bath.   Parameters  to  be  monitored 
include  blood  BUN,  creatinine,  electrolytes,  acid-base  status, 
hematocrit,  free  hemoglobin,  glycerol  concentration,  haptoglobin 
and  glucose;  EEC  and  tonometry  will  be  measured;  psychological 
tests  pre  and  post  dialysis  will  be  obtained  once. 

(3)  Hyperparathyroidism  and  the  Central  Nervous  System:   three 
groups  of  patients  (7  to  10  patients  in  each  group]  will  be 
studied,   a)  Control  patients  (euthyroid  patients  undergoing 
neck  surgery  for  different  other  reasons);  b)  primary 
hyperparathyroid  patients,  and  c)  secondary  hyperparathyroid 
patients.   Studies  will  be  performed  before  surgery  and  two 
and  three  weeks  afterwards . 

(4)  Computer  analysis  of  the  EEC  in  Patients  with  Renal  Failure: 
EEC  by  computerized  analysis  and  regular  hand  read  EEGs  will  be 
performed  in  all  study  subjects. 

All  tests  will  be  performed  in  patients  and  dogs  with  renal 
failure. 
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MAJOR  FINDINGS:   Studies  have  been  completed  in  31  patients  with  ARF 
in  whom  it  was  found  that  EEG  was  grossly  abnormal  within  the 
first  48  hours,  and  remained  abnormal  until  renal  function  was 
recuperated.   Brain  calcium  content  was  twice  normal  as  was 
plasma  iPTH.   It  was  felt  that  PTH  may  be  a  major  uremic  toxin, 
resulting  in  abnormal  EEG  and  high-brain  calcium  in  patients 
with  ARF.   In  reference  to  the  brain  aluminum  metabolism  and 
its  possible  relationship  to  dialysis  dementia,  it  was  found 
that  brain  alumintmi  was  elevated  by  renal  failure  and  aluminum 
hydroxide  loading;  it  is  felt  that  high-brain  aluminum  may 
actually  be  a  consequence  of  dialysis  dementia.   In  reference 
to  the  dialysis  disequilibrium  syndrome,  in  animals  with  ARF, 
it  was  found  that  glycerol  added  to  the  dialysate  prevented 
most  of  the  manifestations  of  experimental  dialysis  disequilibrium 
syndrome.   In  humans  with  ARF,  glycerol  added  to  dialysate  appears 
to  work  in  a  similar  manner;  studies  are  only  preliminary  so  far. 
In  both  primary  and  secondary  hyperparathyroid  patients,  the  EEG 
was  abnormal  and  improved  following  parathyroidectomy; 
psychological  performance  was  also  improved  by  parathyroidectomy. 

PROPOSED  COURSE:  It  is  expected  that  in  the  next  18  to  24  months  of 
performance,  the  several  aspects  of  this  research  protocol  will 
be  completed. 
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CONTRACT  NUMBER:   NOl-AM-5-2219 

CONTRACTOR:   The  Regents  of  the  University  of  California,  San  Francisco. 

AMOUNT:   $25,180. 

TITLE:   Comparison  of  Chronic  Peritoneal  Dialysis  and  Chronic 
Hemodialysis  in  Children. 

OBJECTIVES:   This  study  evaluates  the  effectiveness  of  chronic  home  • 
peritoneal  dialysis  in  treating  the  manifestations  of  renal 
failure  and  maintaining  children  in  good  health;  it  compares 
the  biochemical,  clinical  and  cost  effectiveness  of  chronic 
peritoneal  vs  chronic  hemodialysis  in  children.  A  secondary 
objective  is  to  try  to  define  the  causes  and  mechanisms  of 
growth  failure  of  children  undergoing  dialysis  and  the  effects 
of  short  and  long  term  infusions  of  essential  amino  acids  (on 
urea  production  during  dialysis  and  interdialytic  periods) . 

Children  undergoing  home  peritoneal  dialysis  and  center 
hemodialysis  are  being  compared  relative  to  survival,  access 
problems,  biochemical  parameters,  convulsions,  anemia,  hepatitis, 
hyperlipidemia,  hypertension,  osteodystrophy,  nutrition  and 
growth,  sexual  maturation,  psyche  or  social  adaptation  and 
rehabilitation,  and  overall  cost. 

MAJOR  FINDINGS:   Thus  far,  peritoneal  dialysis  was  longitudinally 
followed  in  three  children  only,  while  hemodialysis  was 
followed  in  twelve  children  for  a  mean  period  of  6.5  months. 
Major  complications  of  peritoneal  dialysis  was  catheter  cuff 
erosion  and  exit  side  infection  with  peritonitis  on  two 
occasions;  one  peritoneal  dialysis  patient  developed  pericarditis. 
Pre  and  post  dialysis  BUN  levels  were  91  and  61  mg/dl,  respectively, 
in  peritoneal  dialysis  patients,  and  96  and  35  mg/dl,  respectively, 
in  hemodialysis  patients.   Peritoneal  dialysis  patients  required 
less  transfusions  and  spent  less  days  in  hospital  than  hemodialysis 
patients.   Hyperlipidemia,  osteodystrophy,  hypertension,  poor 
caloric  nutrition  and  growth  were  equally  severe  in  peritoneal 
dialysis  and  hemodialysis  patients.   The  yearly  cost  of  peritoneal 
dialysis  was  1/5  that  of  hemodialysis  pediatric  patients. 

PROPOSED  COURSE:   It  is  foreseen  that  the  objectives  as  outlined  above 
will  be  completed  by  the  end  of  the  ongoing  contract  year. 


1094 


CONTRACT  NUMBER:   NOl-AM-4-2220 

CONTRACTOR:   University  of  California  at  San  Francisco. 

AMOUNT:   None. 

TITLE:  Mechanism  of  Hyperlipidemia  in  Chronic  Renal  Failure. 

OBJECTIVES:   The  objective  of  this  contract  is  to  determine  the 
apolipoprotein  composition  of  VLDL  and  HDL  in  both  patients 
and  controlled  subjects.  A  further  objective  is  to  correlate 
the  apoprotein  composition  with  the  increase  in  the  LPL  reaction 
measured  in  an  in  vitro  system  using  raw  milk  LPL  and  intralipid 
as  a  triglyceride  substrate, 

MAJOR  FINDINGS:   Previous  work  by  these  investigators  has   established 
that  the  alteration  in  the  lipoprotein  spectrtim  of  patients 
maintained  on  chronic  hemodialysis  is  qualitatively  the  same 
regardless  of  the  diagnosis.   They  all  exhibit  elevated  very  low 
(LDL)  and  decreased  high  density  lipoprotein  (HDL] .   It  has  been 
further  shown  that  since  the  VLDL  is  selectively  elevated,  it 
appears  that  a  defect  in  the  lipoprotein  lipase  (LPL)  enzyme 
system  could  be  responsible  for  a  removal  defect.   LPL  activation 
tests  were  run  both  with  and  without  the  addition  of  heparin  in 
order  to  determine  heparin's  effect  on  LPL  activation.   The  ratio 
of  C-III/C-II  range  from  2.0  to  7.6  (M=  3.9)  in  normal  subjects  and 
from  2.6  to  5.7  (M=  4.1)  in  dialysis  patients.   No  correlation 
, could  be  established  between  the  peptide  composition  of  VLDL  and 
LPL  activation  or  circulating  triglyceride  levels.   On  the  basis  of 
the  studies  utilizing  heparin,  it  was  shown  that  there  is  a  group 
of  dialysis  patients  who  are  not  different  from  the  control 
population.  However,  the  majority  show  a  defect  in  the  heparin 
response  with  whole  plasma  and  the  D  1.030  infranate.   These  results 
suggest  that  the  majority  of  patients  on  hemodialysis  that  are 
exposed  to  repeated  doses  of  heparin  develop  a  resistance  to  heparin 
activation  of  the  LPL  system  which  may  have  an  immunologic  basis. 
While  normal  subjects  show  a  correlation  between  circulating 
triglyceride  and  the  heparin  effect  (R=  0.7),  no  such  correlation 
exists  in  the  patient  population. 

PROPOSED  COURSE:   This  contract  is  to  expire  on  June  13,  1978,  and  any 

work  done  is  in  order  to  complete  the  objectives  as  outlined  above. 

No  new  work  is  being  initiated  during  the  period  of  this  annual 
report . 
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CONTRACT  >JUMBER:      NOl-AM-7-2218 

CONTRACTOR:      University  of  Southern  California." 

.^OUNT:      $68,890. 

TITLE:   The  Role  of  Parathyroid  Hormone  as  a  Uremic  Toxin. 

OBJECTIVES:   Tlie  objective  of  this  study  is  to  evaluate  the  hypothesis 
that  parathyroid  hormone  is  a  uremic  toxin. 

The  study  will  be  performed  on  animals  and  are  designed  to: 

(1)  Study  and  compare  various  mainfestations  of  the  uremic 
syndrome  in  intact  and  parathyroidectomized  (PTDx)  animals 
rendered  chronically  uremic.   If  PTDx  animals  do  not  display 
some  of  the  characteristic  uremic  abnormalities,  parathyroid 
hormone  will  be  administered  to  examine  whether  these  derange- 
ments are  induced.   In  this  animal,  the  following  parameters 
will  be  evaluated  before  and  at  various  intervals  after 
induction  of  uremia: 

(a)   EEC;  (b)  nerve  conduction;  (c)  carbohydrate 
tolerance;  (d)  blood  levels  of  lipids;  (e)   bone 
histology;  (f)  hemoglobin  and  hematocrit;  Cg)  blood 
levels  of  diffusible  and  ionized  calcium,  phosphorous, 
alkaline  phosphatase,  PTH,  BUN  and  creatinine;  (h)    in 
animals  who  die  during  the  study,  calcium  content  of 
brain  and  big  peripheral  nerves  will  be  measured  for 
correlations  with  changes  in  EEC,  nerve  conduction,  and 
to  compare  calcium  content  of  brain  and  nerves  in  uremic 
dogs  with  and  without  parathyroid  glands. 

(2)  Study  both  in  vivo  and  in  vitro  the  effect  of  PTH  on 
certain  functions  sho^^m  to  be  adversely  affected  by  uremic 
sera  such  as:  (a)      effect  of  PTH  on  glucose  utilization 
by  muscle;  (b)    effect  of  uremia  in  lipid  metabolism; 

(c)  effect  of  PTH  on  brain  sodium-potassium-ATPase. 

MAJOR  FINDINGS:   Thus  far,  data  has  been  collected  to  assess  the  effect 
of  PTH  on  function  of  peripheral  nerves;  six  groups  of  six  dogs 
each  were  studied  and  results  show  that  (1)  excess  PTH  increases 
peripheral  nerve  calcium  and  slows  motor  nerve  conduction  velocity, 
(2)  prior  TPDx  prevents  these  changes  in  acute  uremia  and  with- 
drawal of  PTE  administration  is  followed  by  reversal  of  the 
abnormalities . 
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Effect  of  lipolysis  results  from  four  studies  (each  run 
in  triplicate)  indicate  that  uremic  sera  enhances  lipolysis 
and  this  effect  is  prevented  by  prior  PTDx.   Also,  sera 
from  PTDx- nephrectomi zed  rats  receiving  PTH  increases 
lipolysis.  Additional  experiments  are  being  conducted. 

Experiments  on  the  effect  on  brain  sodium-potassium-ATPase; 
contraction  of  heart  cells,  and  PTH  on  glucose  utilization 
are  proceeding  currently. 

PROPOSED  COURSE:   It  is  anticipated  that  these  studies  should  be 
completed  within  a  period  of  one  to  two  more  years. 
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CONTR.A.CT  NUMBER:   NOl-AM-4-2217 

CONTRACTOR:   University  of  Colorado. 

AMOUNT:   $119,392. 

TITLE:   Trace  Element  Abnormalities  in  Chronic  Uremia. 

OBJECTIVES:   To  determine  the  levels  of  concentration  of  trace  elements 
in  dialyzed  uremic  patients,  to  determine  the  clinical  importance 
of  trace  element  abnormalities,  and  to  establish  the  concentration 
of  trace  elements  required  in  the  dialysate  solution. 

MAJOR  FINDINGS:   X-ray  fluorescence  and  atomic  absorption  and  spectro- 
metry have  been  employed  in  an  examination  of  autopsy  tissue 
samples  and  blood  plasma  to  determine  the  trace  element  abnormalities 
in  both  dialyzed  and  nondialyzed  uremic  patients.   Excess  aluminum 
in  dialyzed  uremic  patients  has  been  clearly  associated  with  the 
incidence  of  a  fatal  neurological  syndrome.   The  source  of  the 
aluminum  is  believed  to  be  either  an  aluminum  containing  antacid 
administered  to  control  phospate  absorption,  or  aluminum  in 
the  dialysate  water.   Excess  tin  has  been  shown  to  be  related  to 
uremia  rather  than  to  the  artificial  kidney.   A  phosphate  depleted 
diet  fed  to  uremic  rats  has  been  shovvn  to  greatly  reduce  kidney 
calcification  and  to  prolong  renal  function.   Rubidium,  which 
is  removed  from  blood  plasma  by  dialysis,  is  about  65%  of  normal 
in  nondialyzed  uremic  patients  and  only  43%  of  normal  in  dialyzed 
uremic  patients.   An  earlier  double  blind  experiment  in  which  a 
group  of  patients  were  given  supplemental  rubidium  in  their 
dialysate  produced  no  clinically  measurable  effect.   Strontium 
excess  and  bromine  depletion  have  been  observed  in  dialyzed 
uremic  patients'  plasma.   Both  of  these  trace  elements  were 
observed  to  return  to  normal  within  a  month  following  successful 
renal  transplantation. 

PROPOSED  COURSE:   The  characterization  of  tissue  trace  element  profile  in 
dialyzed  and  nondialyzed  uremic  patients  from  different  geographical 
areas  will  be  continued.   Trace  element  abnormalities  correlation 
with  duration  of  uremia  as  well  as  the  effect  of  renal  trans- 
plantation,will  be  investigated.   The  plasma  binding  characteristics 
of  different  trace  elements  will  be  studied.   Since  aluminum  has 
been  determined  to  be  grossly  altered  in  dialysis  dementia  cases, 
aluminum  absorption  from  the  gastrointestinal  tract  will  be 
studied  in  an  animal  model. 
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CONTRACT  NUMBER:   NOl-AM-5-2220 

CONTRACTOR:   University  of  Connecticut  Health  Center 

AMOUNT:   $88,233. 

TITLE:   Peritoneal  Mass  Transport:   Pharmacologic  and  Hormonal 
Influence. 

OBJECTIVE:   To  explore  factors  that  influence  peritoneal  permeability 
with  a  view  to  enhancing  peritoneal  mass  transport  during 
clinical  dialysis,  especially  for  chronic  uremia.   Specific 
goals  are  to:(l)   Determine  the  effect  of  pharmacologic  and 
physiologic  manipulations  on  kinetics  of  mass  transport. 
(2)  Characterize  more  clearly  the  transport  mechanisms  involved 
in  solute  removal  by  peritoneal  dialysis.   (3)   Learn  more  about 
transport  rates  of  endogenous  solutes  and  drugs  across  the 
peritoneum,  attempting  to  identify  mechanisms  to  counteract 
the  decrease  in  peritoneal  removal  rates  caused  by  disease 
or  drugs  and  to  enhance  peritonal  removal  rates  in  uncomplicated 
uremic  patients. 

MAJOR  FINDINGS:   Using  a  reproducible  technique  in  uremic  patients 
with  normal  systemic  vasculature  mean  urea  clearances  under 
baseline  conditions,  as  well  as  mean  creatinine  clearances, 
were  measured  and  agreed  with  published  data.   In  patients  with 
systemic  vascular  disease,  these  clearances  were  significantly 
reduced.   This  is  consistent  with  decreased  peritoneal  membrane 
area  and/or  permeability.   Oral  Dipyridamole  increased  urea 
and  creatinine  clearances  toward  normal  in  patients  with 
malignant  hypertension  hours  after  it  was  given  and  was 
attributed  to  the  antiplatelet  aggregation  in  effect. 
Dipyridamole  given  acutely  or  repetitively  influences  clearances 
only  minimally  in  those  with  normal  vasculature.   The  New  Zealand 
white  rabbit  model  for  peritoneal  dialysis  was  established  in 
a  previous  contract  year.   The  model  allowed  the  investigator 
to  study  the  peritoneal  clearances  of  drugs  and  the  effects 
of  pharamaco logic  manipulations  on  peritoneal  transport  of 
endogenous  solutes.   Transperitoneal  flux  of  Theophyllin 
was  approximately  equal  bidirectionally,  approximating  urea 
eflux  indicating  a  potential  safe  route  for  absorption  and 
the  possibility  of  drug  depletion  during  dialysis.   Furosemide 
influx  clearance  was  0.3  x  urea  eflux.   Intravenous  and  intra- 
peritoneal aminophylline  did  not  augment  clearances  of  urea  or 
creatinine  or  bulk  flow  of  water  in  response  to  the  osmotic 
attraction  of  dextrose.  If  isoprotemol  was  added  to  the 
dialysis  solution  more  than  60  minutes  before  installation,  the 
increase  was  less  than  when  added  immediately  and  if  added 
24  hours  before  use,  even  at  higher  doses,  no  increment  occurred 
because  of  deterioration  of  isoprotemal  on  exposure  to  light 
and  air.   Other  drugs  that  increased  peritoneal  urea  clearances 
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were  Tolazoline,  ethacrynic  acid  and  nitroprusside. 
Dipyridamole  increased  clearances  slightly,  but  too 
transiently  to  account  for  the  changes  in  patients. 
Nitroprusside  increased  urea  and  creatinine  clearances 
respectively  but  did  not  effect  water  flow. 

PROPOSED  COURSE:    To  investigate  the  effect  of  prostaglandins 

PGE,  PGF  and  PGA  on  peritoneal  mass  transport.   Also  to  study 
the  effect  of  Dopamine  on  peritoneal  mass  transport.   Complete 
studies  on  the  effect  on  circulating  hormones  on  peritoneal 
permeability. 
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CONTRACT  NUMBER:   NOl-AM- 7-2228 

CONTRACTOR:   Cedars -Sinai  Medical  Center. 

TITLE:   Sorbent- Based  Regenerative  Peritoneal  Dialysis  System. 

OBJECTIVES:   To  develop  a  peritoneal  dialysis  system  in  which  the         ^ 
dialysate  is  circulated  through  a  sorbent  cartridge  for  |& 

regeneration.  ^^ 

MAJOR  FINDINGS:   A  variety  of  problems  resulting  in  severe  peritonitis 
precluded  this  contract  from  achieving  its  scheduled  goals. 
Nevertheless,  all  contamination  problems  have  now  been  resolved 
and  a  sorbent  peritoneal  dialysis  machine  has  been  developed  in 
cooperation  with  CCI,  Inc.   The  machine  is  extremely  small 
(20  X  12  X  12  inches)  and  silent.   All  components  in  contact 
with  dialysate  are  disposable,  avoiding  need  for  sterilization. 
Preliminary  human  tests  were  successful. 

PROPOSED  COURSE:   Two  patients  will  be  maintained  with  home  peritoneal 
dialysis  using  two  automatic,  sorbent  type,  dialysate  delivery 
systems.   Patient  outcome  will  be  closely  monitored. 
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Contract  Number:  NOT -AM-  3-2200 

Contractor:  Celanese  Research  Company 

Amount:  $100,000 

Title:  Preparation  and  Evaluation  of  Optimized  Hemodialysis  Membranes 

Objectives: 

1.  Fabricate  cellulose  acetate  membranes  CA-1  and  CA-2  to  maintafn 
a  supply  of  each  (ca.  5000  linear  feet)  adequate  for  ongoing 
clinical  investigations. 

2.  Develop  practical  techniques  for  the  fabrication  of  the  following 
experimental  membranes  from  cellulose  acetate  and  supply  each  to 
interested  clinical  investigators  as  required: 

(a)  A  membrane  with  a  sharp  molecular  weight  cutoff  in  the 
800-1000  region  but  with  hydraulic  and  small  molecule 
permeabilities  similar  in  Cuprophan. 

(b)  A  high  flux  membrane  with  hydraulic  permeability  similar 
CO  Rhodia  PAN  membrane  (20-30X  Cuprophan)  but  with  signi- 
ficant higher  solute  permeabilities. 

(c)  Thinner  versions  of  CA-1  and  CA-2  with  thicknesses  of 
0.8-0.9  mils  and  possessing  higher  solute  permeabilities 
without  increased  hydraulic  permeability. 

3.  On  a  limited  basis,  continue  to  explore  promising  new  concepts 
relevant  to  the  fabrication  of  cellulose  acetate  dialysis 
membranes,  particularly  glycerinated  versions  of  CA-1  and  CA-2. 

Major  Findings:  In  this  six-year  membrane  research  and  development  program, 
a  number  of  cellulose  acetate  hemodialysis  membranes  with  a  wide  range 
of  transport  properties  have  been  developed.  These  asymmetric  membranes 
have  intrinsic  transport  property  advantages  over  cellulose  membranes 
including  higher  solute  permeability  over  a  much  broader  molecular 
weight  range  and  higher  ultrafiltration  rates.  The  membranes  are  pro- 
duced by  a  continuous  solvent-casting  process  and  are  glycerinized  to 
produce  a  "dry"  membrane  with  superior  handling  properties. 

The  three  major  membrane  variants  are:  CA-2,  a  low  flux  membrane;  CA-1, 
a  high  flux  membrane;  and  CA-3,  an  ultrahigh  flux  membrane.  CA-2  is  a 
possible  Cuprophan  substitute  with  a  similar  small  solute  permeability, 
but  somewhat  higher  hydraulic  and  middle  molecule  permeabilities.  CA-1 
and  CA-3,  the  higher  flux  membranes,  offer  potentially  significant 
advantages  in  device  simplification,  size  reduction  and  operational 
flexibility  over  device/membrane  systems  in  use  today,  as  well  as 
qualifying  as  potential  candidates  for  hemofil tration  and  for  reduced 
time  dialysis  with  their  high  small  and  middle  molecule  permeabilities. 
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Recently,  equipment  for  continuously  glycerinizing  and  drying  cellulose  M. 
acetate  (CA)  membranes  has  been  demonstrated.  The  result  is  a  "dry,"  ^ 
easily  handled  membrane  with  transport  properties  equal  to  those  of  the 
wet  membrane  and  with  good  long-term  storage  stability. 

Exploratory  studies  aimed  at  producing  a  low  molecular  weight  cutoff 
membrane  have  continued.  A  low  molecular  weight  cutoff  membrane  would 
have  clinical  relevance  in  testing  the  validity  of  the  "middle  molecule"^ 
hypothesis.  However,  attempts  to  produce  such  a  membrane  by  increasing  ^ 
.  the  polymer  concentration  in  the  casting  solution  were  unsuccessful  as 
all  previous  approaches  have  been. 

Proposed  Course:  This  study  has  been  concluded. 
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CONTRACT  NUMBER:   NOl-AM-6-2210 

CONTRACTOR:       Donald  Dexter  Van  Slyke  Memorial  Foundation,  Inc. 

AMOUNT:  $92,827 

TITLE:  Gastrointestinal  Dialysis  as  an  Adjunct  to  Therapy 

of  Renal  Failure 

OBJECTIVE:        To  investigate  the  oral  perfusion  of  the  gastrointestinal 
tract  (as  a  dialyzing  tube)  to  remove  uremic  toxins  accximulated  in '  the 
blood  of  patients  as  a  means  of  treatment  of  renal  failure. 

MAJOR  FINDINGS:    For  background  information  please  see  1977  report.   Previous 
work  in  patients  who  received  intestinal  dialysis  treatment  in  the 
hospital  has  shown  that  it  was  capable  of  prolonging  the  lives  of  end- 
stage  renal  disease  patients  who  otherwise  would  have  been  candidates  for 
hemodialysis  treatment,  for  periods  ranging  from  7  to  14  months.   Current 
findings  in  a  group  of  20"  patients  who  are  treating  themselves  at  home 
with  whole  gut  perfusion,  are  similar.   Limitations  of  the  method  for 
treatment  of  end-stage  renal  disease  seem  to  emerge  when  the  residual  renal 
function  of  such  patients  drops  to  about  1  to  2  ml/min  of  glomerulof iltra- 
tion.   At  that  point  uremic  symptomatology  appears  in  intestinal  dialysis 
patients  and  a  transfer  to  regular  peritoneal  or  hemodialysis  is  necessary. 

PROPOSED  COURSE:   During  the  terminal  year  of  this  project  the  precise  limits 
of  applicability  of  gastrointestinal  dialysis  will  be  ascertained. 
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Contract  Number:  NOT -AM-4-2202 

Contractor:  Franklin  Hospital 

Amount:  $137,575 

Title:  Solute  Kinetics  in  Intermittant  Dialysis  Therapy 

Objectives:  The  object  of  the  studies  is  to  investigate  the  mechanisms  that  ^■ 
control  the  concentrations  of  various  solutes  found  in  the  chronic 
uremic  patient  and  how  they  can  be  related  to  the  patient's  state 'of 
health.  This  year,  proposed  work  concentrates  on  the  kinetics  of  acid- 
base  metabolism.  One  of  this  year's  objectives  is  to  obtain  data  to 
compare  normalization  of  acid-base  balance  with  use  of  acetate  and 
bicarbonate  dialysate  buffers. 

Major  Findings:  Methods  for  accurate  measurement  of  bicarbonate  ion  in 

plasma  and  aqueous  dialysate  have  been  devised.  Reliable  measurement 
of  bicarbonate  ion  concentrations  was  achieved  by  measuring  total  CO2 
by  a  thermoconductimetric  technique  and  subtracting  the  dissolved  CO2 
concentration  determined  with  a  pC02  electrode.  Bicarbonate  dialysance 
has  been  determined  from  the  slope  of  bicarbonate  flux  plotted  against 
bicarbonate  concentration  gradient  at  the  inlet  of  the  dialyzer  and 
found  to  be  the  same  for  acetate  and  bicarbonate  dialysate,  115  ml/min. 
This  value  was  confirmed  by  closure  of  bicarbonate  mass  balance  across 
the  dialyzer  which  also  gave  a  Donnan  ratio  for  red  cells  equal  to  the 
predicted  value.  A 

A  model  accounting  for  all  parameters  of  H+  accumulation,  generation 
and  removal  has  been  verified  by  closure  of  H"^  balance  during  studies   - 
of  bicarbonate  dialysis.  A  previously  unknown  dialysis  induced  met- 
abolic disturbance  was  found  consisting  of  variable  generation  of 
3-Hydroxybutyric  acid  (s-HBA).  Generation  of  'g-HBA,  ranged  from  0  to 
150  mEq/dialysis  and  could  be  reduced  to  zero  by  glucose  infusion. 
Lactic  acid  generation  during  dialysis  was  found  to  be  constant  and 
averaged  25  mEq/dialysis. 

Proposed  Course:  Current  plans  are  to  continue  this  definitive  investigation. 
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CONTRACT  NUMBER:  NOl-AM-6-2200 

CONTRACTOR:  University  of  Goteborg 

AMOUNT:  $63,202 

TITLE  Compact,  Low-Volume,  Self-Regenerating  Artificial  Kidney 

OBJECTIVE:        Development,  in  vitro  and  animal  evaluation  of  a  compact 
artificial  kidney  with  emphasis  on  performance  of  the  urea  adsorption 
resins. 

MAJOR  FINDINGS:   A  revolutionary  design  for  a  compact  dialyzer  has  been 

developed  and  prototypes  have  been  built.   It  consists  of  a  single  compact 
container  housing  a  dialyzer  coil,  regenerating  cartridge,  dialysate 
solution,  tank  (4  liters),  pumps  and  safety  device.   A  highly  cross-linked 
sulfonated  polystyrene  in  hydrogen  form  was  to  be  used  as  a  urea  sorbent 
in  this  machine.   Unfortunately  it  is  efficient  in  this  task  when  the  urea 
concentration  ranges  between  40  and  200  mg.  percent  (The  type  of  urea 
concentration  found  in  the  blood  of  dialysis  patients).   The  resin,  how- 
ever, is  not  as  efficient  once  it  has  to  absorb  urea  in  a  more  dilute 
concentration  from  the  dialysate  solution  which  is  to  be  regenerated. 
A  great  deal  of  effort  has  been  spent  to  improve  the  performance  of  the 
resin.   In  fact,  a  new  experimental  method  has  been  found  which  permits 
the  use  of  this  resin  for  effective  urea  sorption  but  it  would  complicate 
the  design  of  the  compact  dialyzer. 

PROPOSED  COURSE:   For  the  above  reason,  it  was  decided  to  phase  out  this 
project. 
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CONTRACT  NUMBER:   NOT -AM-8-2227 

CONTRACTOR:   J.  W.  Goethe  University. 

AMOUNT:   $128,333. 

TITLE:   Comparison  of  Hemofiltration  and  Hemodialysis. 

OBJECTIVES:   To  conduct  a  comparative  study  of  hemofiltration  and 

hemodialysis  in  an  A  B  A  crossover  design.   A  series  of  outcome 
measures  will  be  taken  over  the  control  and  experimental  periods 
with  the  objective  of  determining  the  relative  clinical  response. 
Cost  data  will  also  be  collected  so  that  both  clinical  efficacy 
as  well  as  treatment  costs  can  be  compared.   The  study  will  involve 
12-14  patients  in  an  A  B  A  design  of  3-6-3  month  periods. 
Extensive  outcome  measures  are  to  be  recorded. 

MAJOR  FINDINGS:   In  preliminary  studies  5  stable  dialysis  patients 
17-63  years  of  age, (52-84  kg  BW]  have  been  investigated  during 
2  months  of  HD  (3x6  hrs/week,  Gambro  Optima)  and  during  a  following 
period  of  more  than  4  months  of  HF  (3x20  L  ultrafiltrate/week; 
RP6,  Amicon  filter  and  Sartorius  Haemofilter) .   Except  one  CGFR= 
2.8  ml/min)  all  patients  had  a  residual  renal  function  of  less 
than  1  ml/min  GFR.   Body  weight  was  kept  constant  throughout. 
The  mean  weight  loss  per  treatment  was  comparable  in  HD  and  HF 
as  was  the  mean  pre-treatment  mean  arterial  blood  pressure  and 
the  difference  between  pre-  and  post- treatment  mean  arterial 
blood  pressure  (A  MAP) .   During  the  HF  period  compared  to  HD  the 
mean  serum  concentration  of  urea,  creatinine  and  phosphate  rose. 
The  two  heaviest  patients  (78,  84  kg  BW)  had  the  highest  values. 
They  were  returned  to  HD,  one  because  of  symptomatic  hyperphosphatemia, 
the  second  because  of  subjective  lack  of  well-being.   Pre-treatment 
serum  osmolality  rose  from  294+^7.1  mOsm/kg  during  HD  significantly 
to  314+_14.6  during  HF;  however,  the  pre-  to  post-treatment  difference 
in  osmolality  was  nearly  identical  in  HD  (11.4+_6.2  and  in  HF 
(10.0+_7.9  mOsm/kg)  .   The  incidence  of  symptomatic  blood  pressure 
drops  decreased  from  HD  to  HF,  whereas  the  incidence  of  muscle 
cramps  increased. 

To  standardize  individual  HF  treatment  in  regard  to  small  molecule 
removal,  kinetic  studies  were  performed  measuring  the  drop  in  serum 
urea  concentration  during  treatment  and  calculating  the  volume  of 
ultrafiltrate  necessary  to  reach  a  50%  reduction  in  serum  concentra-    ^ 
tion  (Vw2)  •  Serum  urea  concentration  decreased  following  first       Kt 
order  kinetics;  Vi/2  was  independent  of  the  ultrafiltration  rate 
(60-100  ml/rain)  and  showed  a  linear  relationship  to  body  weight. 
The  regression  line  was  nearly  identical  with  that  calculated 
for  a  substance  which  is  ideally  distributed  in  the  3h20  measured 
total  body  water  (58.7+_5.1%  of  BW)  and  exchanged  following  kinetics 
of  a  one- compartment  model. 

PROPOSED  COURSE:   This  project  will  be  continued. 
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CONTKACT  NUMBER:   NOl-AM-7-2235 

CONTRACTOR:       University  Hospital  Goettingen,  West  Germany 

AMOUNT:  $8,000 

TITLE:  Gastrointestinal  Detoxification  and  Recycling 

of  Hemofiltrate 

OBJECTIVES:       This  investigation  involves  the  feasibility  of  treating 

uremic  dogs  with  continuous  hemofiltration  and  recirculating  the  resulting 
hemofiltrate  back  into  the  gastrointestinal  tract  after  its  purification 
with  the  aid  of  suitable  adsorbents  which  bind  uremic  substances.   The 
survival  of  dogs  rendered  anuric  by  transarterial  embolisation  of  the 
renal  arteries  is  being  studied  using  a  device  for  low-rate  hemofiltration 
with  intestinal  recycling  of  the  ultraf iltrate  via  a  Witzel-f istula  after 
the  filtrate  has  been  treated  to  eliminate  known  uremic  substances,  by 
perfusion  through  a  column  of  activated  charcoal  and  oxystarch/oxycellulose. 
No  studies  on  human  subjects  are  involved. 

MAJOR  FINDINGS:    To  date  three  dogs  have  been  made  uremic  and  have  survived 
for  varying  periods  of  time  with  the  aid  of  a  "wearable"  arrangement  con- 
sisting of  the  following:   an  arterial  renal  shunt  has  been  created  between 
the  carotid  artery  and  one  of  the  neck  veins.   Expanded  PTFE  vascular 
grafts  are  used  with  circumf erentially  reenforced  silicon  endings  — 
which  are  connected  to  a  small  Amicon  hemof liter.   The  resulting  ultra- 
filtrate  is  returned  to  the  animals  through  an  implanted  duodenal  catheter 
(Witzel-f istula) .   For  preselective  fluid  withdrawal,  the  duodenal  tubing 
can  be  intermittently  occluded  by  means  of  a  battery-driven  alternating 
clamp  which  opens  simultaneously  a  branched-off  tube  in  order  to  pass  the 
excess  ultraf iltrate  to  a  plastic  bag  which  acts  as  an  artificial  urinary 
bladder. 

PROPOSED  COURSE:   In  the  future,  oxystarch  and  charcoal  will  be  used  to  remove 
uremic  toxins  from  the  ultraf iltrate  prior  to  its  reinfusion  into  the 
gastrointestinal  tract.   There  has  been  considerable  technical  difficulty, 
as  expected,  in  perfecting  the  surgical  technique.   At  the  same  time,  the 
Principal  Investigator  has  husbanded  the  very  modest  sum  for  this  study, 
and  an  extension  of  this  project  for  another  six  months  without  additional 
cost  to  the  government  is  contemplated  —  during  which  time  preliminary 
sorbent  experiments  will  begin. 
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CONTRACT  NW1BER:   NOl-AiM-7-2201 

CONTRACTOR:   Gulf  South  Research  Institute. 

AMOUNT:   $10,000. 

TITLE:   Preparation  of  Sorbent  Filled  Hollow  Fibers. 

OBJECTIVE:   To  study  the  feasibility  of  preparing  highly  permeable 
cellulose  acetate  hollow  fibers  filled  with  carbon-urease 
mixtures  and  microporous  ion  exchange  resins. 

MAJOR  FINDINGS:   Cellulose  acetate  hollow  fibers  with  a  hydraulic 
permeability  of  70  ml/M2  -  sec-atm,  and  filled  with  activated 
carbon,  carbon-urease  mixtures,  and  microporous  ion  exchange  resins 
were  prepared.   These  fibers  exhibited  a  high  performance 
characteristic  in  clearing  urea,  creatinine  and  Vitamin  Bi2- 
Dry  fibers  can  be  prepared  and  stored  for  extended  periods 
and  still  retain  their  permeability  and  enzyme  activity. 

PROPOSED  COURSE:   Tnis  feasibility  study  has  been  terminated. 
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CONTRACT  ^aJMBER:   NOl-AM-8-221 1 

CONTRACTOR:   Gulf  South  Research  Institute. 

AMOUNT:   $14,937 

TITLE:   Simplified  Urea  Sensor  for  Monitoring  Dialysis. 

OBJECTIVES:   To  study  the  feasibility  of  continuously  monitoring 
Urea  concentration  in  blood  during  dialysis. 

MAJOR  FINDINGS:   Using  a  specially  designed  ammonia  electrode  previously 
developed  under  NIH  sponsorship,  the  investigators  designed  and 
successfully  tested  a  system  for  continuously  monitoring  urea 
concentration  in  the  outlet  dialysate.   This  concentration  is 
translated  into  blood  concentration  based  on  clearance  and 
dialysate  flow. 

PROPOSED  COURSE:   This  feasibility  study  has  been  terminated. 
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CONTRACT  NUMBER:   NOl-AM-2-2221 

CONTRACTOR;   Gulf  South  Research  Institute. 

AMOUNT:   $124,020. 

TITLE:   Membranes  and  Materials  Evaluation:   Permeabilities  Physical 
and  Mechanical  Properties. 

OBJECTIVES:   Evaluation  of  hemodialyzers  (and  equivalent)  and  its 
components . 

MAJOR  FINDINGS:   Plasma  binding  characteristics  for  several  metal  ions 
at  different  protein  and  ion  concentrations  were  determined. 
Mechanical,  permeation  and  rejection  properties  of  a  number  of 
hemofiltration  membranes  were  measured.   The  mass  transfer 
characteristics  of  commercially  available  dialyzers,  including 
ultrafiltration,  were  determined.  Commercially  available 
hemoperfusion  devices  were  evaluated.   Several  test  protocols 
for  hemodialyzers,  recommended  in  an  recent  NIAMDD  publication, 
were  evaluated. 

PROPOSED  COURSE:   Work  on  the  subjects  mentioned  above  will  be  completed, 
In  addition,  several  hemofiltration  devices  will  be  evaluated 
and  additional  peptide  type  marker  solutes,  less  expensive  than 
those  already  tested,  will  be  developed. 
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I       CONTRACT  NUMBER:   NO1-.AM-8-2209 

CONTRACTOR:   Harbor  General  Hospital. 

AMOUNT:   $15,000. 

TITLE:  Mechanism  of  Hypotension  Occurring  During  Chronic  Dialysis. 

OBJECTIVES:   The  objective  of  this  contract  is  to  examine  the  hemodynamic 
changes  and  their  relationship  to  basal  active  hormone  levels 
occurring  after  hemodialysis  and  ultrafiltration. 

The  studies  will  be  carried  out  in  six  patients  with  chronic 
uremia  who  have  frequent  episodes  of  symptomatic  hypotension. 
Additional  patients  on  dialysis  without  such  episodes  shall 
serve  as  controls.   Each  patient  on  the  study  will  be  dialyzed 
three  times:   (1)  ultrafiltration  with  dialysis  against  acetate, 
(2)  ultrafiltration  with  a  bicarbonate  dialysate  and  (3)  the 
one-hour  ultrafiltration  alone,  then  dialysis  with  acetate  dialysate. 
The  blood  pressures,  pulse  rate  and  cardiac  monitoring  will  take 
place  throughout  all  studies.   In  addition,  the  plasma  arginine 
vasopressin,  plasma  renin  activity,  and  total  catecholamines 
are  to  be  measured  before,  during  and  after  each  of  the  dialyses. 

MAJOR  FINDINGS:   Thus  far,  five  patients  have  been  studied  in  the  above- 
i  described  manner.   These  patients  were  not  necessarily  hypotensive 

and  serve  as  a  group  studied  in  order  to  test  out  the  protocol  and 
methodologies  involved.  The  full  study  has  not  been  completed  and 
the  data  is  being  collected  at  the  present  time. 

PROPOSED  COURSE:   This  is  a  $15,000  pilot  study  whose  termination  will 
be  December  31,  1978.   It  is  expected  that  by  that  time  the 
objectives  as  outlined  above  will  be  completed  and  the  study  done 
in  at  least  the  number  of  patients  originally  proposed. 
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CONTRACT  NUMBER:   NOl-.^XM- 5-2209 

CONTRACTOR:   Harbor  General  Hospital. 

AMOUNT:   $121,770. 

TITLE:   The  Role  of  Acetate  Dialysate  for  Hemodialysis. 

r 

OBJECTIVES:   (1)   To  determine  the  metabolic  fate  of  acetate  during     ^ 
and  after  dialysis.   (2]   To  determine  the  extent  of  incorporation 
of  acetate  into  plasma  lipids. 

MAJOR  FINDINGS:   Studies  in  stable  chronic  dialysis  patients  reveal 
only  80%  of  the  radioactivity  infused  to  be  recovered  as  14  CO2 
in  expired  air  and  in  dialysate  as  14  CO2.   Small,  (less  than 
1%)  but  significant  quantities  of  radioactivity  were  incorporated 
in  the  plasma  lipids,  especially  the  phospholipid  fraction.  In 
separate  studies,  patients  were  dialyzed  for  one  month  against 
bicarbonate  based  dialysis  solution  in  order  to  determine  the 
effects  on  plasma  lipids.   Thus  far,  no  consistent  alteration 
in  plasma  lipids  have  been  found  during  the  bicarbonate  dialysis 
as  compared  to  the  standard  acetate  dialysis  in  the  same  patients. 
Thus  far,  these  studies  indicate  that  acetate  dialysis,  per  se, 
does  not  contribute  to  the  hyperlipidemia  of  chronic  dialysis 
patients . 

PROPOSED  COURSE:   This  contract  will  be  funded  until  the  end  of  the 
present  calendar  year  with  completion  of  the  proposed  studies. 
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CONTR.A.CT  >aJMBER:      NOl-AM-8-2210 

CONTRACTOR:      Harbor  General  Hospital. 

AMOUNT:      $15,000. 

TITLE:   Molecular  Heterogeneity  and  Biologic  Activity  of 
LH  in  Chronic  Renal  Failure. 

OBJECTIVES:   The  objective  is  to  evaluate  whether  the  LH  present  in 

the  serum  of  uremic  patients  is  an  active  and  functional  hormone. 
The  following  specific  studies  will  be  made: 

LH  from  5  renal  failure  patients  on  maintenance  dialysis  will 
be  compared  with  nonuremic  hypergonadatropic  hypergonadistic 
patients  by  chrcmotographic  studies.   The  investigator  will 
also  assess  the  biologic  activity  of  the  serum  from  the  patients 
chromo to graphed.   This  will  be  done  by:   [1)  Radioliagand 
receptor  assays.   (2)   By  a  modification  of  the  in  vitro 
testosterone  production  assay.   (3)  The  in  vitro  testosterone 
response  to  an  acute  intraperitoneal  injection  of  LH. 

MAJOR  FINDINGS:   No  information  is  presently  available  from  this 
contract. 

PROPOSED  COURSE:   See  above  objectives. 
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Contract  Number:     NOl -AM-6-2207 

Contractor:     Harvard  University 

Amount:      $1,450,000 

Title:     National    Cooperative  Dialysis   Study 


c 
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Objective:  The  overall  objectives  are  to  develop  quantitative  guidelines 
for  administering  dialysis  therapy.  The  study  is  designed  to  compare 
four  experimental  therapies  for  relative  response.  The  range  of  each 
dialysis  episode  will  be  grouped  around  two  treatment  levels  for  blood 
urea  nitrogen  (BUN),  pre-dialysis  levels  of  70  and  of  120.  The  duration 
of  each  dialysis  will  be  individualized  for  each  patient  so  that  the 
pre-dialysis  solute  concentration  levels  are  held  at  one  of  the  above 
ranges.  The  duration  of  each  dialysis,  however,  will  be  modified  some- 
what so  that  one-half  of  the  patients  will  be  treated  with  shortened 
dialysis(3  h^O.5  hours)  and  compared  to  longer  dialysis  4.5-5  hours). 
Patient  response  will  be  measured  by  a  variety  of  parameters. 

Major  Findings:  During  the  first  year,  representatives  from  all  of  the 

involved  organizations  have  collaborated  to  develop  the  protocol  out- 
lined originally  by  the  AK-CUP  and  write  a  10-section,  400  page 
Procedures  Manual  .  In  brief  summary,  patients  who  have  met  acceptance 
criteria  and  indicated  a  willingness  to  participate  in  the  study  under- 
go a  training  and  monitoring  phase  (induction)  which  will  last  a  minimum 
of  one  month  and  a  maximum  of  three  months.  They  will  then  be  placed 
on  "standard"  or  "control"  dialysis.  After  three  months  of  such  therapy* 
patients  will  be  randomly  allocated  into  four  treatment  groups  in  which  % 
they  will  remain  until  withdrawal  from  the  study.  All  will  receive 
three  times  weekly  therapy,  such  that  there  are  two  48-hour  and  one 
72-hour  dialysis  cycle.  One  of  the  groups  will  be  a  parallel  control 
group  and  therapy  will  be  the  same  as  that  received  during  the  initial 
three  month  period . 

Patients  will  undergo  biochemical,  functional,  and  psychosocial  testing 
periodically  during  the  Control  and  Experimental  phases.  Dialysis 
therapy  will  be  monitored  and  prescribed  using  a  nationwide,  time- 
sharing computer  network  which  employs  the  kinetic  principles  and 
equations  of  Gotch  and  Sargent. 

A  two-month  "Pre-Pilot"  study  was  performed  in  December,  1976  and 
January,  1977  to  assess  the  feasibility  of  the  four  treatment  groups 
and  their  effect  upon  blood  solute  and  electrolyte  concentration. 
Patients  were  maintained  on  therapies  by  which  they  were  "normally" 
treated  during  December  without  attempting  to  place  them  in  control.    | 
Three  patients  were  then  assigned  to  each  of  the  four  therapies  in  a    * 
fashion  designed  to  "stress"  the  system.  Patients  eating  little  protein 
were  assigned  to  the  long  time,  high  BUN  group,  while  heavy  protein 
eaters  were  assigned  to  the  short  time,  low  BUN  group. 


Therapeutic  prescriptions  were  adjusted  to  achieve  the  target  values. 
There  were  no  complications  as  a  result  of  these  therapies  and  electro 
concentrations  remained  within  an  acceptable  range.  Patients  achieved 
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a  new  steady  state  of  urea  concentration  within  two  to  three  weeks 
after  changing  therapies  with  the  exception  of  the  high  BUN  short  time 
group.  Six  of  the  remaining  eight  patients  promptly  achieved  pre- 
dialysis  urea  nitrogen  levels  within  prescribed  target  ranges.  The 
high  and  low  BUN  were  easily  separated  by  time-averaged  urea  concen- 
tration. The  extent  by  which  patients  failed  to  achieve  target  pre- 
dialysis  urea  concentration  was  closely  correlated  to  the  extent  by 
which  their  protein  catabolic  rate  changed  between  December  and  January, 
indicating  that  the  major  contributing  factor  to  be  monitored  in  achiev- 
ing control  of  solute  concentration  within  a  group  is  dietary  consumption, 

A  pilot  study,  involving  all  three  Participating  Centers,  was  completed 
early  in  1978.   The  protocol  was  altered  such  that  the  study  was  closed, 
rather  than  open-ended,  and  the  Control  and  Experimental  phases  were 
shortened  to  two  months  each.  The  primary  aim  was  to  demonstrate 
further  that  therapy  could  be  monitored  and  controlled  on  a  larger  scale 
and  that  data,  as  defined  in  the  protocol,  could  be  collected  from 
several  centers.  Eight  patients  were  assigned  to  each  group  within 
each  Participating  Center. 

After  an  additional  demonstration  of  the  ability  to  control  the  high  BUN 
long  time  group,  the  full  scale  study  started  in  June  of  1978. 

Proposed  Course:  This  project  will  be  continued. 
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Contract  Number:  NO! -AM-  2-2215 

Contractor:  Karolinska  Institutet 

Amount:   $103,487 

Title:  A  Study  of  Uremic  Toxicology 

Objectives:  Utilizing  the  technique  of  high  speed  gel  filtration  followed 
by  gradient  elution,  uremic  body  fluids  have  been  separated  into  7-9 
different  fractions  in  the  middle  molecule  range  (7a,  b,  c,  d,  etc). 
The  investigators  plan  to  further  purify  and  chemically  define  the 
uremic  middle  molecule  fractions.  Screening  of  uremic  patients  under- 
going various  forms  of  treatment  will  continue  in  order  to  assess  the 
clinical  value  of  middle  molecule  determination.  The  effect  of  various 
dialysis  schedules  on  the  accumulation  of  middle  molecules  will  be  in- 
vestigated. The  performance  of  various  dialyzers  and  other  extra- 
corporeal devices  with  regard  to  middle  molecule  removal  will  be  assessed. 
Studies  of  the  in  vitro  toxicity  will  be  continued  with  highly  purified 
middle  molecule  fractions. 

Major  Findings:  The  automatic  analytical  system  for  high  speed  gel  filtra- 
tion (HSGF)  followed  by  gradient  elution  ion  exchange  chromatography  (GEC) 
described  in  last  year's  report  is  currently  used  for  screening  a  larger 
population  of  uremic  patients,  treated  conservatively  as  well  as  by  in- 
termittent hemodialysis.  Attempts  were  made  to  correlate  the  concen- 
tration of  various  middle  molecule  fractions  in  plasma  with  the  effi- 
ciency of  dialysis  with  regard  to  middle  molecules  calculated  from 
dialyzer  performance,  residual  renal  function,  and  treatment  time 
(dialysis  index).  Only  one  peak  (7b)  out  of  seven  distinct  middle 
molecule  fractions,  obtained  by  combined  HSGF  and  GEC,  showed  a  signi- 
ficant correlation  with  dialysis  index,  whereas  the  others  did  not  (for 
example  7c). 

By  applying  analytical  isotachophoresis ,  two  peptides  were  isolated  as 
a  further  separation  of  subpeak  7c.  These  peptides  could  be  identified 
by  determining  the  net  mobilities  and  the  corresponding  UV-transmission 
levels.  They  could  also  be  directly  detected  following  HSGF  separation 
alone,  allowing  uremic  patients  to  be  screened  for  7c  subpeak  peptides. 
Similarly,  subpeaks  7a  and  7b  were  processed  by  isotachophoresis  and 
it  was  found  that  this  subpeak  material  was  heterogenous,  consisting 
of  several  UV-absorbing  substances. 

Bioassay  of  middle  molecule  fractions  is  continuing  and  inhibiting 

effects  of  these  solutes  have  been  obtained  on  granulocyte  stem  cell 

proliferation,  maturation  of  red  cells,  aggregation  of  thrombocytes, 

and  lymphocyte  transformation.  In  addition,  one  key  enzyme  in  red  cell 

porphyrin  metabolism,  a-amino  levulinic  acid  dehydrase,  was  inhibited 
by  94%. 


c 


I 


Proposed  Course:  This  project  will  be  continued 


1117 


i 


CONTRACT  NUMBER:   NOl-AM-5-2224 

CONTR.\CTOR:   University  of  California  at  San  Diego. 

AMOUNT  $111,074. 

TITLE:   Blood  Pressure  Control  with  Hemodiafiltration. 

OBJECTIVES:   To  conduct  research  to  better  define  the  effectiveness 
of  hemodiafiltration  with  an  adjunctive  therapy  for  the 
treatment  of  hypertension  associated  with  end  stage  renal  failure, 

MAJOR  FINDINGS:   Of  the  seven  patients  who  have  completed  the 

three-month  crossover  protocol  in  V'/hich  studies  are  completed 
after  three  months  on  hemodialysis,  after  three  months  of 
hemofiltration,  and  again,  after  returning  to  hemodialysis 
for  three  months.   Six  of  the  seven  patients  studied  were 
hypertensive  and  required  medication  for  control  of  their 
blood  pressure.   One  was  a  normotensive  control.   This 
brings  the  number  of  hypertensive  patients  so  far  studied 
in  the  crossover  format  to  ten,  when  the  three  patients 
studied  initially  under  the  original  contract  at  the 
University  of  Pennsylvania  are  included.   Six  of  the  nine 
hypertensive  patients  have  shown  a  significant  reduction  in 
mean  arterial  pressure  with  hemofiltration.   Three  have  shown 
no  change  in  normotensive  time  control  and  shown  no  change  in 
blood  pressure.   True  comparative  examination  of  the  data 
can  only  be  made  among  the  seven  patients  studied  under 
this  contract.   There  are  significant  differences  in  treatment 
schedules  between  the  initial  three  patients  and  the  subsequent 
seven  patients . 

PROPOSED  COURSE:   Completion  of  a  total  of  twelve  patients  by  the 
end  of  May,  19  78. 
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CONTRACT  NUMBER:   NOl-AM-6-2215 

CONTRACTOR:   University  of  Kansas  Medical  Center. 

AMOUNT:   $74,215 

TITLE:   Response  Erythropoietin  in  Chronic  Uremic  and  Anemic  Mice 
With  Polycystic  Kidney  Disease. 

OBJECTIVES:   Uremic  and  nonuremic  mice  who  will  be  made  polycythemic 

by  hypertrans fusion  in  order  to  suppress  endogenous  erythropoietin. 
The  rate  of  red  cell  formation  will  be  measured  after  a  single 
injection  of  greater  doses  of  erythropoietin.  Comparison  of  the 
erythropoietin  dose  response  curves  will  provide  quantitative 
information  on  the  depressed  response  and  on  the  dose  of 
erythropoietin  required  to  overcome  it.   Quantitative  and 
qualitative  aspects  of  steady  state  erythropoiesis  will  be 
studied  in  anemic,  uremic  mice  and  in  protein- starved  control 
mice  during  a  30-day  period  of  erythropoietin  injections. 
Information  will  be  obtained  as  to  whether  the  anemia  of  uremia 
can  be  ameliorated  by  exogenous  erythropoietin.  Also,  the 
amount  of  erythropoietin  required  in  maintaining  a  normal  or 
near-normal  amount  of  erythropoiesis  will  be  determined.  The 
mechanism  of  the  decreased  response  of  the  erythron  to  erythropoietin 
will  be  studied  by  measuring  in  mice  at  various  stages  of  uremia 
and  uremic  anemia  the  pleuripotential  stem  cells.  Stem  cells,  and 
the  immediate  precursors  of  proerythroblasts,  as  well  as  the 
Fe^^  incorporation  will  be  determined. 

MAJOR  FINDINGS:   The  polycystic  kidney  mice  erythropoietin  levels  were 
significantly  lower  than  controls,  and  the  decrease  was  roughly 
proportional  to  their  BUN  concentration.   Red  blood  cells 
survival  in  polycystic  kidney  mice  was  shortened  and  Chroraiijm  51 
red  blood  cell  half-life  of  4.2  days  in  the  most  severely  uremic 
group  vs  9.3  days  in  normal  mice.  Corrected  reticulocyte 
depression.   The  number  of  precursors  of  erythroblasts  in  marrow 
and  spleen  was  measured  by  their  ability  to  form  in  vitro 
colonies  of  erythroblasts  and  erythropoietin  containing  plasma 
clot  cultures.   In  uremic  mice  with  near  normal  hematocrits,  the 
nvmiber  of  marrow  or  spleen  precursors  of  erythroblasts  was  only 
slightly  subnormal.   No  significant  increases  were  seen  in  the 
precursors  of  erythroblasts  in  uremic  anemic  mice,  whereas 
uremic  nonuremic  controls  showed  marked  increases,  especially  in 
spleen  precursors  of  erythroblasts.   The  in  vitro  responses  to 
erythropoietin  of  the  precursors  of  erythroblasts  from  uremic 
mice  was  normal  but  the  in  vivo  induction  of  the  precursors  in 
marrow  or  spleen  by  injection  of  erythropoietin  was  considerably 
smaller  in  the  uremic  mice  than  in  controls.   Plasma  from  uremic 
mice  severely  inhibited  erythroid  colony  formation  when  added  to 
precursor  cultures  of  either  normal  or  uremic  mouse  bone  marrow. 
The  significance  of  this  in  vitro  inhibition  as  a  factor  in  the 
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development  of  anemia  or  uremia  is  still  being  investigated. 
The  overall  therapeutic  efficacy  of  erythropoietin  was  assessed 
by  giving  daily  injections  for  a  period  up  to  four  weeks  of 
from  two  to  five  units  to  uremic  mice  whose  hematocrits 
were  below  35'o.   Reticulocytes,  hematocrits  and  red  cell  mass 
measurement  indicated  improvement  of  the  anemia  in  about  50% 
of  the  mice  with  moderately  severe  uremia,  but  no  significant 
improvements  were  seen  in  other  animals  and  especially  in 
those  with  higher  BUN  concentrations.   These  nonresponders 
failed  to  develop  increases  in  splenic  erythropoiesis .   The 
latter,  in  the  mouse,  is  the  principal  mechanism  of  increasing 
the  rate  of  erythropoiesis  above  normal  levels,  either  in 
response  to  erythropoietin  injections  or  in  order  to  compensate 
for  hemolysis  or  blood  loss.   The  spleens  of  these  non- 
responders were  filled  with  hyaline  material  and  showed 
marked  hypocellularity.  These  hyaline  deposits  are  very 
likely  not  the  result  of  chronic  renal  disease,  and  studies  are 
in  progress  to  elucidate  their  role  in  the  anemia  of  mice  with 
polycystic  renal  disease. 

PROPOSED  COURSE:   Completion  of  the  present  work  by  the  end  of  this 
contract  year. 
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CONTRACT  ^aJMBER:   NOl-AM-5-2210 

CONTRACTOR:   Leland  Stanford  Junior  University. 

AMOUNT:   $131,064. 

TITLE:   The  Role  of  Acetate  in  Dialysate  for  Hemodialysis:  Acid 

Base  Hemeostasis  in  Acetate  Metabolism  in  Patients  Treated 
by  Chronic  Hemodialysis. 

OBJECTIVES:   (1)   The  development  of  a  reliable,  valid  and  efficient 
assay  system  for  acetate.   (2)  Quantitation  of  the  mass  trans- 
fer of  acetate  with  a  variety  of  different  isolated  dialyzers 
in  vitro  and  the  examination  of  the  influence  of  various  factors 
such  as  flow  rate,  acetate  concentrations  and  pH  on  this 
transfer.  (5)     Quantitation  of  the  mass  transfer  of  acetate 
during  hemodialysis  in  uremic  subjects  and  the  identification 
of  factors  which  influence  this  process.   (4)   The  determination 
of  the  nature  of  the  anion  gap  which  develops  during  hemodialysis. 
(5)   Determination  of  the  metabolic  fate  of  14C  by  infusion  of 
isotopes  during  dialysis.   (6)   To  perform  acetate  tolerance 
tests  in  normal  volunteers.   (7]   A  pilot  study  of  the  effects 
of  acetate  on  atherosclerosis  with  rabbits. 

MAJOR  FINDINGS:   (1)   The  contractor  has  been  successful  in  developing 
a  form  of  gas  liquid  chromotography  which  accurately  assays 
levels  of  serum  acetate  in  concentrations  of  0.01  to  0.02  mm. 
(2)   Quantitation  of  mass  transfer  of  acetate  during  hemodialysis 
in  uremic  patients  are  still  being  performed  and  is  being 
expanded  to  study  mass  balance  of  anions,  acetate  and  bicarbonate, 
in  these  patients.   (3)   Anion  gap  studies  were  performed  early 
in  this  contract  and  show  that  in  normal  subjects  no  anion  gap 
occurred  with  infusions  of  acetate.   In  hemodialysis  patients, 
anion  gaps  were  not  observed  during  hemodialysis.   (4)   Acetate 
tolerance  tests  are  still  being  performed.   (5)   The  pilot  study 
in  rabbits  of  atherogenic  effects  of  dietary  acetate  illustrated 
clearly  that  injections  of  acetate  in  rabbits  did  not  accelerate 
atherosclerosis. 

PROPOSED  COURSE:   (1)   Continue  study  of  dialysance  of  acetate  and 

bicarbonate  with  transmembrane  pressure  equal  to  zero  to  eliminate 
solvent  drag.  (2)   Expansion  of  the  present  work  on  acid  base 
homeostasis  during  acetate  dialysis:  (a)     Quantitate  bicarbonate 
generation  from  acetate  during  dialysis  and  during  infusion, 
(b)  Perform  mass  balance  studies  of  acetate  and  bicarbonate  flux 
during  dialysis.   (c)   To  determine  the  space  of  distribution  of 
bicarbonate  in  dialysis  patients.  (d)      Determine  the  percent  of 
bicarbonate  generated  from  acetate  during  dialysis.  (e)      Determine 
what  factors  during  dialysis  influence  acetate  metabolism  and  alter 
bicarbonate  generation. 
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CONTRACT  NUMBER:   NOl-AM- 7-2226 

CONTRACTOR:   Louisiana  State  Medical  Center. 

AMOUNT:   None. 

TITLE:   Mechanisms  of  Vascular  Access  Problems  in  Hemodialysis. 

OBJECTIVES:   The  objectives  are  to  study  the  coagulation  parameters 
and  platelet  function  in  animals  subjected  to  various  types  of 
blood  access  grafts. 

Hemodialysis  is  to  be  carried  out  in  order  to  determine  the  effect 
of  this  procedure  on  the  coagulation  studies  and  platelet  functions 
as  well  as  the  anatomical  structure,  flow  characteristics  and 
survival  time  of  each  graft.   Simulated  hemodialysis  procedures 
are  to  be  carried  out  in  uremic  and  non-uremic  animals. 

MAJOR  FINDINGS:   Extensive  coagulation  parameters  were  obtained  from 
each  of  the  goats.   Hematologic  values  were  standardised  for  these 
animals.  The  implantation  of  bovine  heterografts  and  external 
Scribner  shunts  were  accomplished  in  some  animals. 

PROPOSED  COURSE:   This  project  is  expected  to  be  completed  within  the 
first  quarter  of  1979.   Until  its  termination,  work  will  be 
continued  on  the  limited  number  of  uremic  goats  now  under  study  to 
accomplish  some  of  the  goals  proposed. 
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CONTRACT  NUMBER:   NO 1- AM- 7-2238 

CONTRACTOR:   Louisiana  State  University. 

AMOUNT:   $15,000. 

TITLE:   Use  of  .Anionic  Membranes  for  Hemofiltration. 

OBJECTIVES:   In  another  study,  the  permselectivity  of  the  glomerular 
capillaries  of  Wistar  Rats  were  examined  in  detail  with  a  series 
of  neutral  and  anionic  dextrans .   Findings  were  that  the  capillaries 
not  only  differentiate  solute  permeability  on  the  basis  of  size, 
but  also  on  the  amount  of  electrostatic  charge.   Thxas ,  although 
the  glomerular  capillaries  permeate  molecules  much  larger  than 
albumin,  albumin  is  effectively  restricted  from  passage  due  to 
its  negative  charges.   The  present  project  is  a  feasibility  study 
on  the  preparation  of  anionic  membranes  with  properties  suitable 
for  use  in  hemofiltration  devices.   These  anionic  hemofiltration 
membranes  should  be  highly  permeable  to  low  molecular  weight 
solutes  such  as  urea,  uric  acid,  creatinine  and  various  ions. 
They  should  also  be  permeable  to  larger  molecules,  their 
permselectivity  being  based  on  size  and  charge  of  the  molecules. 
Thus,  albumin,  a  charged  molecule,  is  expected  to  be  rejected  by 
the  membrane. 

Several  techniques  for  preparing  anionic  membranes  will  be  studied. 
One  is  activating  of  inert  membranes  by  chemical  reaction,  resulting 
in  the  formation  of  dissociable  groups  on  the  membrane.   Alternatively, 
polyelectrolyte  groups  can  be  physically  or  chemically  adsorbed  on 
the  membrane  matrix.   Instead  of  using  an  existing  membrane 
structure,  membranes  can  also  be  formed  directly  from  a  solution 
containing  a  polyelectrolyte  or  a  mixture  of  neutral  and  polye- 
lectrolyte material. 

MAJOR  FINDINGS:   Initial  results  with  polyacrylic  acid,  polystyrene 

sulphonic  acid  and  cellulose  acetate  mixtures  in  casting  membrane 
sheets  have  been  promising.   These,  together  with  other  polyelectrolyte 
complexes  are  currently  under  study. 

PROPOSED  COURSE:   This  feasibility  study  will  be  completed  this  year. 
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CONTRACT  NUMBER:   NOl-AM-7-2224 

LjNTRACTOR:   University  of  Miami  School  of  Medicine. 

AMOUNT .   None . 

TITLE:   Serum  Cholesterol  Binding  Reserve  in  Uremia. 

OBJECTIVES:   Recent  studies  in  the  laboratory  of  this  contractor  have 
demonstrated  that  human  serum  is  capable  of  solubilizing  a 
measureable  amount  of  additional  cholesterol.   This  amount  has 
been  designated,  serum  cholesterol  binding  reserve  (SCBR) . 

A  study  of  SCBR  of  survivors  of  premature  myocardial  infarction  and 
controls  indicated  an  association  of  decreased  SCBR  with  the  disease. 
It  was  postulated  that  the  SCBR  regulates  athrogenesis  by  facilitating 
cholesterol  eflux  from  the  arterial  wall.   Since  hyperlipidemia  and 
premature  athrosclerosis  are  common  in  uremia,  it  is  the  objective  of 
this  study  to  investigate  whether  SCBR  is  lower  than  controls  in 
dialyzed  and  undialyzed  patients  with  chronic  renal  failure.   In 
addition,  prospective  studies  will  be  initiated  in  order  to  ascertain 
if  measurement  of  SCBR  is  useful  in  predicting  the  risk  of  premature 
athrosclerosis  and  to  correlate  SCBR  values  with  other  chemical  and 
laboratory  findings . 

MAJOR  FINDINGS:   This  is  a  one-year  feasibility  study  and  the  findings 
to-date  have  centered  mostly  on  non-uremic  patients.   SCBR,  total 
cholesterol  and  triglyceride  levels  were  measured  and  the  data  collected 
were  used  as  a  basis  for  predicting  the  risk  of  future  development 
of  coronary  heart  disease  in  over  400  participants  in  the  screening 
program.   The  confirmed  coronary  events  have  been  small  but  the 
distribution  of  these  events  suggest  that  decreased  SCBR  in  hyper- 
lipidemic  individuals  is  a  risk  factor  with  strong  discriminating 
power.   As  of  yet,  similar  data  is  being  analyzed  in  the  uremic 
patients  both  dialyzed  and  non-dialyzed  being  studied. 

PROPOSED  COURSE:   SCBR  will  be  measured  in  approximately  100  uremic 

patients  undergoing  maintenance  hemodialysis  longer  than  three  months. 
Clinical  information  to  be  collected  will  include  age,  sex,  race,  body 
weight,  blood  pressure,  duration  of  disease,  complications,  type  of 
dialysis,  and  drug  therapy.   In  addition,  routine  EKG,  chest  x-ray 
and  laboratory  tests  will  be  done.   Fasting  triglyceride  cholesterol 
and  glucose  levels  will  also  be  measured.   The  results  in  different 
sub-groups  of  patients,  i.e.,  nephrotics,  diabetics,  etc.,  will  be 
analyzed  separately.   The  values  will  be  compared  to  those  obtained  in 
healthy  subjects  of  similar  age  and  sex. 

The  number  of  new  athrosclerotic  complications,  such  as  angina, 
myocardial  infarction,  strokes  and  peripheral  vascular  disease  will 
be  carefully  recorded  and  compared  to  the  SCBR  values  obtained  in 
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these  patients.   It  is  hoped  that  in  using  this  clinically  defined 
population,  future  studies  may  be  designed  in  order  to  evaluate 
different  therapeutic  strategies.  As  this  is  a  feasibility  study 
that  will  terminate  on  August  18,  1978,  it  is  expected  that  a  final 
report  will  summarize  this  data  at  that  time. 


r 


f 


C 


1125 


CONTRACT  NUMBER:   N01-.AM-6-2214 

CONTR.'XCTOR:   University  of  Minnesota. 

AMOUNT:   $117,000. 

TITLE:  Oxidant  Induced  Erythrocyte  Destruction  in  Chronic  Renal  Disease. 

OBJECTIVES:   The  goals  of  the  research  are  (1)  to  test  a  variety  of 
dialysis  waters  for  the  presence  of  oxidants,  (2)  to  examine  the 
efficacy  of  various  techniques  for  the  removal  of  oxidants, 
(3)  to  determine  the  frequency  of  occurrence  of  the  so  called 
"intrinsic  defect,"  which  causes  abnormal  oxidant  sensitivity 
of  red  cells,  (4)  to  define  the  relationship,  if  any,  between 
the  occurrence  of  this  intrinsic  defect  and  various  conditions 
of  different  dialysis  centers,  (5)  to  determine  the  nature  of 
the  intrinsic  defect,  and  (6)  to  determine  whether  the  severity 
of  this  defect  is  in  any  way  related  to  diminished  erythrocyte 
survival  in  hemodialyzed  patients. 

MAJOR  FINDINGS:   Water  employed  for  hemodialysis  at  seven  different 
dialysis  centers  has  been  analyzed  for  the  presence  of  oxidant 
compounds  and  for  potentially  dangerous  heavy  metal.   The 
investigation  thus  far  has  been  negative.   In  200  dialysis 
patients,  the  occurrence  of  the  intrinsic  defect  in  red  cell 
metabolism  has  been  determined  to  be  approximately  25%  of  all 
patients.   It  is  thought  that  the  defect  arises  from  the  presence 
of  one  or  more  substances  in  the  plasma  and  plasma  from  effected 
individuals  induced  a  defect  upon  normal  erythrocytes.   Partial 
purification  and  characterization  have  revealed  that  this  substance 
is  small  with  a  molecular  weight  of  less  than  500  daltons,  heat- 
stable,  resisting  temperatures  greater  than  200°  C,  and  it  is 
easily  dialyzable  in  vitro  but  not  removed  by  hemodialysis. 
Additionally,  it  appears  to  be  present  in  the  urine  of  normal 
individuals . 

PROPOSED  COURSE:   The  studies  will  continue  in  an  attempt  to  further 
isolate,  purify  and  identify  substance  or  substances  responsible 
for  the  increased  oxidant  sensitivities  of  erythrocytes.  A 
number  of  biochemical  methodolgies  will  be  employed  to  identify 
the  substance  or  substances.   Additionally,  continued  testing  of 
various  water  supplies  from  dialysis  centers  will  be  carried  out 
in  order  to  identify  an  oxidants  or  heavy  metal  toxicity  present. 
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CONTRACT  NUMBER:   NOl-AM-2207 

CONTR.A.CTOR :   University  of  Minnesota. 

AMOUNT:   $49,883.  ^ 

TITLE:   Fluid  Dynamics  of  Blood  Cells  and  Applications  to  Hemodialysis.     ^ 

OBJECTIVES:   To  study  the  deposition  of  blood  elements  into  filtering 
surfaces . 

MAJOR  FINDINGS:   Studies  were  continued  using  a  newly  designed 

experimental  cell  to  determine  the  effective  diffusion  coefficient 
of  blood  particles  under  wall  filtration.   In  particular,  this 
work  is  now  oriented  to  small  blood  components  (platelets) . 
Preliminary  results  appear  to  show  the  adequacy  of  the  experimental 
cell  and  theoretical  approach. 

PROPOSED  COURSE:   Studies  will  be  continued  to  completion  in 
February,  1978. 
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CONTRACT  NUMBER:   N01-.AM-5-2216 

CONTRACTOR:   The  University  of  Missouri  School  of  Medicine. 

AMOUNT:   $49,863. 

TITLE:   Effects  of  Intraperitoneal  Vasodilators  on  Peritoneal 
Clearances . 

OBJECTIVES:   The  major  objective  of  these  studies  in  the  first  contract 
year  was  to  identify  a  vasoactive  drug  or  drugs  that  when  added 
to  peritoneal  dialysis  solutions,  consistently  increases  peritoneal 
clearances  with  minimal  systemic  effects.   Nitroprusside 
demonstrated  the  largest  and  most  consistent  effects  over  short 
series  of  exchanges.   The  second  year  of  contract  work  focused 
on  the  effects  of  nitroprusside  during  longer  series  of  from  9  to 
30  exchanges  of  sought  mechanisms  to  explain  the  proportionally 
greater  effect  on  large  soluclearances .   Studies  were  initiated 
of  nitroprusside  effects  on  peritoneal  mass  transfer,  coefficients, 
protein  losses,  serum  and  dialysate  concentrations,  Thiocyanate, 
chemical  irritation  of  the  peritoneum,  continuous  ambulatory 
peritoneal  dialysis,  and  micro-circulation  of  the  rat  cremaster. 
In  addition,  the  contractor  examined  the  influence  pH,  dose, 
and  dialysate  flow  rate  on  responses  to  nitroprusside.   Finally, 
we  evaluated  mass  transfer  coefficients  for  CO2  gas  as  an 
estimate  of  peritoneal  capillary  effect  of  blood  flow. 

MAJOR  FINDINGS:   CI)   Nitroprusside  effects  on  clearances  over  long 
periods  of  exchanges:   Increases  in  large  solute  clearances  with 
nitroprusside  were  most  striking  with  consecutive  exchanges 
containing  drugs,  as  compared  to  the  addition  of  drug  to  alternate 
or  every  third  exchange.  Maximal  values  for  clearances  were 
approached  after  3  to  S  drug  exchanges.   Under  such  conditions, 
peritoneal  clearances  for  inulin  usually  increase  50%  or  more,  and 
urea  clearances  usually  increase  IS^  to  25%.   IVhen  only  alternate 
exchanges  contain  drug,  clearances  tend  to  increase  only  with  drug 
exchanges,  return  to  control  values  in  drug- free  exchanges  and 
do  not  reach  maximum  values  achieved  with  a  series  of  five  or  more 
consecutive  drug- containing  exchanges.   Changes  in  blood  and  pulse 
measurements  with  prolonged  series  of  nitroprusside  exchanges  were 
usually  insignificant.   (2)   Nitroprusside  effects  on  peritoneal 
mass  transfer  coefficients:   mass  transfer  area  coefficients  increase 
significantly  with  nitroprusside  use.   Increases  were  proportionally 
greater  for  larger  solutes.   The  findings  suggest  that  increases 
in  effective  membrane  area  and/or  permeability  with  basal  dilitation 
outweigh  increases  in  effective  capillary  flow.   As  supported  by 
results  above,  this  suggests  that  nitroprusside  may  open  new 
capillaries  for  perfusion  and  that  newly  perfused  capillaries 
may  be  more  effective. 
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C3)  Nitroprusside  effects  on  protein  losses:  Nitroprusside 
increases  protein  concentrations  in  dialysate,  and  as  with 
inulin  clearances,  these  tend  to  maximize  after  3  to  5 
consecutive  exchanges.   [4)   Thiocyanate  concentrations  in  serum 
and  dialysate  during  multiple  nitroprusside  exchanges:   Thiocyanate 
concentrations  in  serum  never  increase  significantly  with  prolonged 
series  of  drug  containing  exchanges.   This  suggests  either 
negligible  nitroprusside  absorption  in  metabolism  or  excretion 
of  Thiocyanate  in  dialysate  or  by  other  routes  at  undetectable 
serum  levels.   (5)   Chemical  irritation  with  nitroprusside  during 
prolonged  series  of  exchanges:   No  signs  of  chemical  irritation 
have  been  seen  by  a  physical  examination  and  by  clinical  studies. 
(6)   Studies  with  increased  dialysate  flow  rates:   Increases  in 
small  solute  clearances  do  not  become  proportionally  greater 
with  increasing  dialysis  solution  flow  rates.   (7)  Dose  response 
with  nitroprusside:   These  studies  suggest  that  clearances  in 
protein  losses  are  a  function  of  nitroprusside  dose.   (8)  Nitro- 
prtisside  during  continuous  ambulatory  peritoneal  dialysis:  these 
preliminary  studies  suggest  that  nitroprusside  would  mainly 
augment  removal  of  larger  solutes  during  CAPD.   (9)   Effects  of 
dialysate  solutions  with  and  without  nitroprusside  and  before 
and  after  clinical  use  on  the  microcirculation  of  the  rat 
cremaster.   These  preliminary  studies  demonstrated  possible 
mechanisms  for  selectively  greater  increases  in  larger  solute 
clearances;  namely,  they  provide  evidence  that  nitroprusside 
applied  topically  increases  the  number  of  arterial  and  capillary 
beds  profuse. 

PROPOSED  COURSE:   The  studies  previously  mentioned  will  be  continued 

and  expanded  over  the  ensuing  contract  year.   In  addition,  studies 
of  nitroprusside  effects  with  and  without  pH  adjustment  will  be 
performed  primarily  in  the  third  contract  year.  Studies  will 
be  undertaken  to  compare  the  vasoactive  properties  of  all 
commercially  available  peritoneal  dialysis  solutions  and  to 
assess  the  effects  of  pH  adjustment  in  the  microvascular  laboratory. 
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CONTRACT  NUMBER:      NOl-.AM- 7-221  7. 

CONTRACTOR:      University  of  Missouri   School   of  Medicine. 

AMOUNT:      $54,625. 

TITLE:   Effects  of  Peritoneal  Dialysis  Solutions  on  the 

Microvasculature  of  the  Rat  and  on  the  Peritoneal 
Clearances  in  Man. 

OBJECTIVES:  To  observe  the  rat  cremaster  and  peritoneal  vasculature 
and  to  evaluate  its  response  to  immersion  in  various  dialysis 
solutions.   Objectives  are  to  determine  the  effects  of  currently 
available  peritoneal  dialysis  solutions  with  and  without  pH 
adjustments  on  the  rat  microcirculation.  Also,  to  determine 
the  effects  of  currently  available  peritoneal  dialysis  solutions 
with  and  without  nitroprusside  on  the  rat  microcirculation. 
To  determine  the  effects  of  currently  available  peritoneal 
dialysis  solutions  with  and  without  pH  adjustment  of  nitropriisside 
on  the  rat  microcirculation.   To  correlate  these  changes  observed 
with  clinical  studies  of  peritoneal  clearances  in  Contract 
AM-5-2216,  correlate  the  anatomical  changes  in  the  animal  model 
with  solute  transport  studies  presently  being  evaluated  in 
Contract  No.  5-2216,  and  to  develop  a  splenic  bed  model  for  study 
in  microcirculation  and  compare  results  with  the  cremasteric 
muscle  preparation. 

MAJOR  FINDINGS:   Solute  nitroprusside  produced  a  concentration- 
dependent  increase  in  arteriolar  diameter.  Maximal  effect 
occurred  at  a  concentration  of  1  x  10" ^m  and  increased  the 
arteriolar  diameter  from  10.5  +_  7.32  to  21.9  +_  2.1  micrometers. 
All  three  unadjusted  commerical  dialysis  solutions  produced  a 
bi-phasic  response,  a  transient  vasoconstriction  followed  by 
a  prolonged  vasodilitation.   In  solutions  with  nitroprusside, 
there  was  only  a  vasodilitation.   The  elimination  of  a  vaso- 
constrictor response  by  nitroprusside  occurred  even  with  those 
solutions  used  after  human  dialysis. 

PROPOSED  COURSE:   Completion  of  the  objective  mentioned  above. 
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CONTRACT  NUMBER:   NOl-M-8-2206 

CONTRACTOR:   Michigan  State  University. 

AMOUNT:   $98,982 

TITLE:   Study  of  PTH,  Vitamin  D,  Calcium  and  Aluminum  Kinetics  and 
the  Dialysis  Encephalopathy. 

OBJECTIVES:   The  overall  purpose  of  the  proposed  research  is  to 

elucidate  interactions  between  aluminum  and  various  calcitropic 
factors,  thus  defining  a  possible  mechanism  in  the  pathogenesis 
of  dialysis  dementia  and  thereby  minimizing  this  serious 
consequence  of  hemodialysis. 

The  working  hypothesis  is  that  aluminum  absorption  from  the 
gastrointestinal  tract  is  markedly  enhanced  by  PTH  and  Vitamin  D, 
and  that  distribution  of  the  absorbed  aluminum  in  tissues  is 
further  affected  by  PTH  in  a  manner  that  increases  aluminum 
concentration  in  brain,  kidney,  muscle  and  bone.  The  research 
itself  seeks:   1)  to  develop  quantitative  data  on  the  rate  of 
absorption  of  aluminum  at  varying  levels  of  PTH  and  Vitamin  D 
in  animal  experimentation;  2)    to  determine  quantitatively  the 
time  course  of  concentration  of  aluminum  in  the  brain  and  other 
organs  of  these  animals;  3)  to  determine  the  effect  of  elevated 
brain  aluminum  on  behavior  and  neurologic  behavor;  4)  to  identify 
readily  accessible  tissue  in  which  aluminum  levels  correlate  with 
brain  aluminum;  5)  to  elucidate  the  renal  handling  of  aluminum; 
6]  in  dialysis  patients  to  study  the  relationships  between  serum 
iPTH  and  serum  aluminum  levels;  7)    to  determine  the  effect  of 
PTH  and  Vitamin  D  on  aluminum  balance;  8)  to  determine  the  effect 
of  PTH  and/or  Vitamin  D  on  aluminum  transport  from  dialysate; 
9)  to  determine  the  effect  of  increased  calcium  absorption  on 
behavior. 

MAJOR  FINDINGS:   This  is  a  contract  granted  on  March,  1978;  data  is 
being  collected  at  the  present  time,  but  experiments  have  not 
been  completed  to-date. 

PROPOSED  COURSE:   The  proposed  experiments  depicted  are  underway  at 
the  present  time;  completion  of  the  proposed  research  will  take 
approximately  24  to  36  months. 
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Contract  Number:  NOl-AM-7-2239 

Contractor:  Minneapolis  Medical  Research  Foundation 

Amount:  $56,278 

Title:  Mechanisms  and  Control  of  Fluid  Removal  by  Ultrafiltration 

Objectives:  In  recent  years,  the  inclusion  of  greater  numbers  of  hemo- 
dynamically  less  stable  patients  in  the  chronic  dialysis  population, 
and  the  trend  toward  shorter  durations  of  dialysis  utilizing  more 
efficient  dialyzers  has  highlighted  the  problem  of  dialysis  induced 
hypotension.  The  undesired  physiologic  effects  of  hypotension,  such 
as  impaired  cerebral  and  myocardial  perfusion,  along  with  the  emotional 
impact  on  the  patient  and  nursing  staff,  underscore  the  need  to  study, 
indepth,  dialysis  induced  hypotension.  Recent  work  by  Bergstrom  et  al 
has  shown  that  if  ultrafiltration  and  diffusion  are   divorced  and  se- 
quenced, fluid  removal  rates  can  be  achieved  which  are  a  might  higher 
than  in  conventional  dialysis  without  symptoms  of  hypotension.  During 
conventional  dialysis,  serum  osmolality  decreases  progressively  as 
solutes  are   diffusively  removed,  vyhereas  with  ultrafiltration  only, 
serum  osmolality  remains  unchanged.  Bergstrom  postulates  that  the 
decreasing  osmolality  is,  in  some  unknown  way,  responsible  for  dialysis 
induced  hypotension.  In  this  new  contract,  a  hypothesis  concerning 
the  compartmental  fluid  shifts  in  conventional  and  sequential  therapy 
has  been  proposed.  Methods  for  modeling  these  fluid  shifts  to  determine 
the  optimum  rate  of  asymptomatic  fluid  removal  have  been  developed. 
The  purpose  of  this  study  is  to  conduct  animal  and  short-term  clinical 
studies  to  test  the  hypothesis  and  model. 

Proposed  Course:  This  project  will  be  continued. 
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CONTRACT  NUMBER:   Nol-AM- 7-2278 

CONTRACTOR:   Mt.  Sinai  School  of  Medicine. 

AMOUNT:   $311,810. 

TITLE:   Comparison  of  Hemofiltration  and  Ultrafiltration  Plus  l|r 

Hemodialysis  to  Conventional  Hemodialysis. 

OBJECTIVES:   To  compare  post- dilution  hemofiltration,  sequential 
ultrafiltration/dialysis,  and  standard  hemodialysis. 

MAJOR  FINDINGS:   A  new  Amicon  filter  capable  of  producing  a  urea 

clearance  of  130  ml/min  has  been  designed.   No  patient  outcome 
is  yet  available. 

PROPOSED  COURSE:   A  total  of  14  patients  will  be  studied  for  a  period 
of  18  months.   Seven  patients  will  be  treated  as  follows: 
Hemodialysis  (3  mos.),  hemofiltration  (4  mo.),  hemodialysis 
C3  mo.),  sequential  treatment  (4  mo.),  and  hemodialysis  [3  mo.). 
A  second  group  will  follow  the  reverse  order.   Patient  outcome 
will  be  closely  monitored. 
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CONTRACT  NUMBER:   N01-.'\M-6-2213 

CONTRACTOR:   Mt .  Sinai  School  of  Medicine. 

.AMOUNT:   $198,000. 

TITLE:   A  Comparison  of  .Androgens  for  the  Treatment  of  .Anemia  in 
Chronic  Hemodialysis  Patients. 

OBJECTIVES:   The  objective  of  this  study  is  to  conduct  a  clinical 
evaluation  of  four  androgens  for  relative  response  in  raising 
the  red  cell  mass  of  maintenance  hemodialysis  patients.   Specifically, 
there  will  be  four  drugs  studied:   Nandrolone  Decanoate,  Fluo.xymesterone, 
Oxymetholone  and  Testosterone  Enanthate.  These  drugs  will  be  employed 
in  approximately  70  or  80  patients  in  a  study  design  that  incorporates 
control  periods  without  androgens  and  study  periods  with  androgens 
of  six  months.   Outcome  measures  include  hematocrit,  red  cell  function, 
red  cell  mass,  side  effects  and  general  patient  response.   In  addition, 
complete  data  analysis  on  the  sex,  age, length  of  time  of  dialysis, 
as  well  as  other  factors,  will  be  collected. 

MAJOR  FINDINGS:   As  of  now,  the  majority  of  patients  have  completed 
the  first  control,  first  study  and  are  into  the  second  study. 
There  have  been  little  problems  in  randomizing  or  utilizing  the 
drugs  chosen.  As  of  yet,  the  statistical  analysis  is  not 
complete  on  the  data  from  the  first  study  period  but  the  raw 
data  suggests  that  there  is  indeed  a  response  of  increased 
hematocrit  in  patients  receiving  some  types  of  androgens . 

PROPOSED  COURSE:   This  study  will  continue  so  that  a  majority  of 
patients  receive  three  different  androgen  compounds  during 
different  study  periods  over  the  next  12  to  14  months.  At  the 
conclusion,  the  data  will  be  analyzed  and  differences  in  response 
and  side  effects,  if  they  exist,  should  be  readily  identified. 


1134 


CONTRACT  NUMBER:  NOl-AM-9-0066 

CONTRACTOR:  University  of  Naples 

AMOUNT:  $19,500 

TITLE:  Studies  on  Peritoneal  Dialysis 

OBJECTIVE:        To  continue  a  study  which  involves  new  approaches  which 
promise  to  increase  significantly  the  efficacy  of  peritoneal  dialysis 
through  use  of  antidiuretic  and  vasodilating  drugs  in  the  peritoneal 
lavage  solution,  or  of  a  combination  of  peritoneal  lavage  and  the  use 
of  oral  diuretics  in  the  gut, 

MAJOR  FINDINGS:    This  project  has  demonstrated  that  it  is  possible  to  main- 
tain end-stage  renal  disease  patients  who  have  irreversible  renal 
failure  with  a  residual  kidney  function  (GFR  +  3  ml/min  or  below)  which 
is  incompatible  with  support  of  life  —  with  the  aid  of  relatively  brief 
daily  peritoneal  dialysis  involving  10  liters  of  peritoneal  dlalysate 
per  treatment.   Five  treatments  per  week  are  given.   The  peritonitis 
rate,  after  a  period  of  stabilization  in  each  patient,  is  approximately 
0.2%.   When  such  patients  are  on  a  high-calorie,  low-protein  diet 
(0.6  gm/kg  body  weight)  protein  depletion  emerges  in  the  third  year  of 
treatment  with  short  daily  peritoneal  dialysis  and  adjustment  in  protein 
intake  to  reverse  this  picture  is  currently  being  studied. 

In  three  patients  "equilibrium  peritoneal  dialysis"  is  being  studied. 
In  each  patient  four  2-liter  exchanges  are  used  during  the  day  (lasting  i 
four  hours  each)  and  one  exchange,  overnight,  lasts  eight  hours.   The   I 
patients  are  equipped  with  surgically  implanted  Goldberg  catheters. 
Diets  are  virtually  unrestricted  and  ingested  protein  averages  1  gm/kg 
body  weight  per  day.   The  patients  show  satisfactory  blood  chemistries 
and  "feel  fine".   The  incidence  of  peritonitis  in  this  ambulatory, 
self-administered  treatment  is  one  per  seven  patient  months. 

PROPOSED  COURSE:   This  project  will  be  continued. 
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CONTRACT  NUMBER:  NOl-AiM-9-0070 

CONTRACTOR:  University  of  Naples 

AMOUNT:  $43,000 

TITLE:  Sorbent  Studies  in  the  Treatment  of  Uremia 

OBJECTIVE:        To  develop  ingestible  adsorbents  to  sequester  urea  and  other 
uremic  toxicants  in  the  gastrointestinal  tract,  and  to  develop  with  the 
aid  of  such  compounds  suitable  adjunctive  treatments  for  patients  in 
chronic  renal  failure.   Also,  to  explore  the  feasibility  of  using  oxy- 
starch  and  related  substances  as  sorbents  of  uremic  wastes  to  regenerate 
and  recycle  artificial  kidney  dialysate  solutions. 

MAJOR  FINDINGS:    Activated  charcoal  can  bind  urea  (in  contrast  to  reports  by 
all  other  investigators)  provided  the  charcoal  cartridge  is  kept  at  a 
temperature  near  the  freezing  point  of  water  —  at  around  5°C.   A  few 
patients  have  been  dialyzed  utilizing  a  2  kg.  carbon  cartridge  at  5°C  to 
regenerate  a  very  small  volume  (5  liters)  of  dialysate  which  is  being  used 
over  and  over  again.   The  carbon  cartridge  in  turn  is  regenerated  after  a 
5  to  6  hour  dialysis  by  flushing  with  hot  tap  water.   The  same  cartridge 
can  be  used  repeatedly  for  25  times.   At  that  point  it  is  saturated  with 
creatinine  (which  cannot  be  removed  with  a  hot  tap  water  flush)  and  a  new 
cartridge  is  used.   The  group  is  now  working  on  a  new  miniature  resin 
sorbent  system  for  uremic  substances  which  is  described  in  detail  in 
Dr.  Giordano's  last  renewal  application.   Current  work  is  concentrated  on 
urea  sorption  and  the  results  to  date  are  promising. 

PROPOSED  COURSE:   Clinical  trials  with  cold  carbon  sorption  will  be  expanded  ' 
during  the  next  year.   Clinical  trials  will  also  be  started  on  the  new 
resin  sorbent  system  for  uremic  substances  once  laboratory/animal  studies 
appear  promising. 
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CONTRACT  NUMBER:   NOl-AM-4-2206 

CONTRACTOR:       State  University  of  New  York,  Downstate  Medical  Center 

AMOUNT:  $87,422 


TITLE: 


Clinical  Efficacy  of  Sorbents  in  Uremia 


OBJECTIVE:        Based  on  experience  with  oral  administration  of  oxystarch 
and  activated  carbon  to  patients  with  advanced  renal  failure,  this  study 
found  that  the  oral  administration  of  activated  charcoal  will  depress  the 
abnormally  high  blood  triglyceride  levels  of  such  patients  as  well  as 
patients  on  maintenance  dialysis.   Current  studies  are  testing  the 
hypothesis  that  oral  carbon  can  depress  the  hyperlipidemia  of  dialysis 
patients  to  normal  levels  or  below.   The  importance  of  the  study  lies  in 
the  fact  that  about  60%  of  dialysis  patients  die  because  of  enhanced 
atherosclerosis  which  may  be  causally  related  to  the  abnormally  high 
lipidemia  of  dialysis  patients. 

MAJOR  FINDINGS:    In  animal  experiments  (rats)  it  was  found  that  small  daily 
quantities  of  activated  charcoal  precipitously  and  significantly  reduce 
blood  cholesterol  and  markedly  reduce  hypertriglyceridemia  in  anemia. 
Previous  findings  have  shown  similar  phenomena  in  four  stable  patients 
undergoing  maintenance  hemodialysis  thrice  weekly.   I'Jhen  administration  of 
charcoal  is  ceased,  blood  cholesterol  and  triclyceride  concentrations  rise 
to  their  previous  levels.   During  the  last  half-year  of  the  project, 
an  attempt  was  made  to  prepare,  with  the  collaboration  of  the  General  Foodsi^ 
Corporation  Research  Laboratories,  a  palatable  and  practical  formulation   ^ 
containing  35  gm.  of  activated  charcoal  (the  daily  dose  per  adult). 
Unfortunately  this  production  of  "Brownies"  or  "Oreo"  cookies  has  been  un- 
successful to  date;  some  products  were  nonacceptable  to  patients;  others 
led  to  constipation.   In  addition,  it  was  not  possible  to  find  a  sufficient 
number  of  normal  or  uremic  volunteers  willing  to  be  immobilized  in  the 
metabolic  ward  for  the  duration  of  the  contemplated  ABA-type  crossover 
studies . 

PROPOSED  COURSE:   Support  of  this  project  will  be  discontinued.   Assurance  has 
been  obtained  from  the  Principal  Investigator  that  he  will  nevertheless 
pursue  this  study  with  as  many  volunteers  as  he  can  muster,  utilizing  other 
funds . 
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CONTRACT  NUMBER:   NOl-AM-8-2229 

CONTRACTOR:       Nephrologic  Center,  Niedersachsen,  Muenden,  West  Germany 

AMOUNT:  $29,327 

TITLE:  A  Controlled  Study  to  Compare  Hemodialysis  and  Hemof iltration 

Treatment  in  Patients  with  Chronic  Renal  Failure 

OBJECTIVES:       It  is  the  objective  of  this  study  to  produce  a  well- 
controlled,  statistically  significant  and  scientifically  objective ' com- 
parison of  the  clinical  outcome  of  hemof iltration  treatment  with  con- 
ventional hemodialysis  treatment  utilizing  the  same  end-stage  kidney 
disease  patients  who  will  serve  as  their  own  controls.   Hemof iltration  is 
a  new  method  of  maintenance  treatment  of  patients  with  irreversible  kidney 
failure  who,  for  lack  of  a  natural  kidney,  face  imminent  death.   During  the 
last  three  years  Dr.  Quellhorst  has  developed  the  clinical  application  of 
this  novel  method  and  now  has  a  very  large  patient  population  which  is 
kept  alive  routinely  by  thrice  weekly  hemof iltration  treatments  rather  than 
by  thrice  weekly  conventional  hemodialysis  treatments.   He  has  found  that 
use  of  hemofiltration  results  in  specific  superior  clinical  outcomes  as 
compared  with  hemodialysis.   This  large-scale  well-controlled  study  will 
be  used  to  confirm  these  observations.   Specifically  the  effect  of  hemo- 
filtration on  improved  control  of  hypertension,  of  fluid  overload,  of  ex- 
cessive blood  lipids  and  of  excessive  blood  phosphate  levels  will  be  in- 
vestigated and  confirmation  will  be  sought  of  the  beneficial  effects  on 
dialysis  anemia  previously  reported  with  experimental  hemofiltration. 
In  addition  confirmation  will  be  sought  for  the  general  improved  sense  of 
well-being  reported  for  this  new  method  of  therapy.   A  careful  study  will 
also  be  made  of  the  comparative  costs  of  hemofiltration  and  hemodialysis. 
The  latter  facet  of  the  study  is  particularly  important  since  at  the 
present  time,  in  the  United  States  34,000  end-stage  kidney  disease  patients 
are  being  maintained  alive  with  the  aid  of  conventional  hemodialysis  at 
what  is  considered  an  extremely  high  cost.   The  cost  of  this  treatment  is 
paid  primarily  by  the  federal  government  through  MEDICARE  and  MEDICAID  and 
currently  amounts  to  one  billion  dollars  annually.   Substitution  of  a 
clinically  more  desirable,  and  hopefully  less  costly  treatment  method, 
would  be  a  significant  advantage  to  the  U.S.  government. 

MAJOR  FINDINGS:    An  ABA-type  and  a  BAB-type  crossover  study  have  been  started 
utilizing  on  one  hand  patients  who  are  currently  on  routine  hemoif Itration 
treatment  and,  in  the  other  group,  patients  who  have  been  treated  by 
routine  hemodialysis.   In  each  case  the  current  method  of  treatment  repre- 
sents the  first  six  months  period  of  these  two  crossover  studies.   The 
patients  are  well  supervised  by  dietitians.   Their  protein  intake  approxi- 
mates 1.3  gm.  per  kg.  per  day.   A  very  thorough  documentation  of  all  possi- 
ble biochemical  and  clinical  parameters  is  being  carried  out  and  cost  data 
related  to  both  modes  of  treatment  are  being  carefully  recorded. 
Sufficient  time  has  not  yet  passed  for  most  patients  to  have  experienced 
a  full  crossover  term  (AB  or  BA)  at  this  point. 

PROPOSED  COURSE:   This  project  will  be  continued. 
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CONTRACT  NUMBER:   NOl-AM-5-2208 

CONTRACTOR:   Northwestern  University. 

AMOUNT:   $48,905. 

TITLE:   Comparison  of  Maintenance  Peritoneal  Dialysis  and 
Maintenance  Hemodialysis. 

OBJECTIVE:   To  compare  peritoneal  and  hemodialysis  based  in  the 

following  parameters:  Mortality,  morbidity,  biochemical  levels, 
liver  fimction,  metabolic  bone  survey,  nerve  conduction  velocity 
and  rehabilitation. 

MAJOR  FINDINGS:   Hemodialysis  patients  were  closely  matched  with 
peritoneal  patients.   Each  pair  was  simultaneously  entered  in 
the  study.   Results  indicate  significant  differences  between 
the  two  groups.   Particularly  interesting  is  the  higher  hematocrit 
and  the  closer  to  normal  EEC  encountered  in  the  peritoneal  group. 

PROPOSED  COURSE:   Mew  patients  will  be  brought  into  the  study. 

Clinical  and  neurobehavioral  outcome  evaluations  of  the  two 
groups  of  patients  will  continue. 
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CONTRACT  NUMBER:   NOl-AM-8-0707 

CONTRACTOR:       University  of  Pisa 

AMOUNT:  $22,575 

TITLE:  Metabolic  and  Hormone  Studies  in  Chronic  Uremia 

and  Hemodialysis 

OBJECTIVE:        This  work  includes  four  distinct  areas  of  research: 

(1)  effect  of  essential  amino  acid  and/or  keto  acid  supplemented  diets  on 
the  body  proteins  in  chronic  uremia,  (2)  behavior  of  coagulation  factor 
XIII  in  uremic  patients  on  conservative  treatment  and  on  regular  hemo- 
dialysis, (3)  triiodothyronine  metabolism  in  uremic  patients  on  conserva- 
tive treatment  and  on  regular  hemodialysis,  and  (4)  evaluation  of  new 
membranes  for  hemodialysis.   The  latter  is  a  voluntary  effort,  not  paid 
through  this  contract,  which  is  conducted  by  a  very  well-trained  young 
Ph.D.  biophysicist  who  carries  out  this  work  with  his  own  departmental 
funds  because  of  the  strong  interest  of  the  department  in  this  subject 
matter  which  is  also  of  interest  to  NIAMDD's  Artificial  Kidney  Program. 
Study  (1),  above,  is  an  investigation  of  the  effect  of  essential  amino 
acid  and/or  keto  acid  supplemented  diets  on  the  body  proteins  in  chronic 
uremia.   This  investigation  scrutinizes  the  assessment  of  the  nutritional 
adequacy  of  various  amino  acid  and  keto  acid  supplemented  diets  in  the  con- 
servative management  of  patients  with  chronic  renal  failure.   Such  assess- 
ment is  being  performed  by  combined  serum  albumin  turnover  studies  and 
nitrogen  balance  studies  in  the  assessment  of  the  metabolic  effects  of 
diets.   Study  (2),  above,  involves  kinetic  turnover  studies  of  FSF  with 
radio-iodinated  tracer,  both  in  acute  and  chronic  renal  failure.   The  pur- 
pose of  this  investigation  is  to  clarify  whether  the  increase  of  FSF  found 
in  chronic  uremia  is  due  to  an  increased  synthesis  or  to  a  prolonged  sur- 
vival, possibly  linked  to  a  protective  effect  of  the  FSF-VLDL  complexes 
toward  the  degradation  processes.   Study  (3),  above,  involves  a  number  of 
uremic  patients,  both  on  conservative  and  dialysis  treatment,  in  order  to 
obtain  enough  T3  metabolic  data  to  make  statistically  comparable  the  re- 
sults found  in  uremia  with  those  of  normal  controls.   In  addition,  the 
respective  fractions  of  T3  degradation  occurring  via  deiodination  and  via 
conjugation  are  being  determined  in  normals  as  in  patients  with  renal 
failure,  in  order  to  correctly  identify  the  pathways  of  the  thyroid  hor- 
mones peripheral  metabolism  both  in  health  and  in  the  course  of  uremia. 

MAJOR  FINDINGS:    Dr.  Bianchi  and  his  group  have  developed  a  new  method  of  dis- 
tinguishing the  intact  radioactive  T3  and  the  various  T  breakdown  products 
and  other  bioproducts  that  may  have  taken  up  tracer  iodine  during  the  ex- 
periments.  This  is  a  chromatographic  method  and  they  have  written  a  paper 
on  it  which  has  been  accepted  by  the  Journal  of  Clinical  Endocrinology  and 
Metabolism  and  will  appear  later  this  year.   [This  in  itself  is  impressive 
because  the  Journal  is  quite  exclusive  about  which  papers  it  publishes.] 
They  found  that  there  is  a  linear  correlation  between  the  metabolic  clear- 
ance rate  of  T3  and  the  plasma  concentration  —  in  contrast  to  glucagon 
insulin  HGH  and  other  polypeptide  hormones  —  and  this  is  apparently 
characteristic  for  the  thyroid  hormones.   They  have  good  data  to  show  that 
the  differences  are  not  very  great  in  metabolic  clearance  of  T3  in  uremic 
patients  and  in  normal  patients;  apparently  dialysis  does  not  exert  a 
great  influence  on  metabolic  clearance  of  T3.   Three  other  papers  on 
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CONTRACTOR:   University  of  Pisa  (continued) 
NOl-Al^I-8-0707 


distinct  facets  of  this  project  have  been  written.   The  Journal  of  Clinical 
Investigation  has  accepted  one  paper  for  publication  in  January  1978;  the 
American  Journal  of  Physiology  for  December  of  1977;  and  the  Journal  of  Nuclear 
Medicine  and  Allied  Sciences  has  accepted  the  third  paper  which  will  appear    '4 
some  time  in  1978.   The  first  one  deals  with  the  deconvolution  analysis  of 
insulin  glucose  kinetics  in  uremic  patients;  the  second  with  glucose  kinetics 
data  in  uremia  and  dialysis,  intended  to  answer  the  question  whether  dialysis 
improves  the  glucose  tolerance  of  such  patients .   The  third  paper  is  on  re- 
appraisal of  albumin  kinetics  in  uremia.   Based  on  the  extensive  data  this 
group  has  collected,  they  have  made  a  strong  point  that  dialysis  does  not 
improve  glucose  tolerance  and  that  the  previous  work  of  others  was  based  on 
different  and  unsuitable  methods  of  glucose  analysis  (see  pages  24  and  25  in 
their  detailed  progress  report  for  1977  which  gives  the  glucose  disappearance 
curves  ) .  In  all  probability  creatinine  is  the  substance  which  may 

have  interfered  and  thrown  off  the  glucose  values  obtained  with  conventional 
glucose  assays. 

PROPOSED  COURSE:   The  next  site  visit  is  scheduled  for  September  1978. 

A  detailed  progress  report  is  due  in  November  1978.   The  proposed  future 
course  will  be  decided  based  on  these. 
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CONTRACT  NUMBER:   N01-.\M-6-2204 

CONTRACTOR:   Rensselaer  Polytechnical  Institute. 

AMOUNT:   $114,637. 

TITLE:  Augmentation  of  Peritoneal  Dialysis  Efficiency  With 
Programmed  Hyper-Hypo-osmotic  Dialysates. 

OBJECTIVES:   To  study  the  feasibility  of  augmenting  the  efficiency  of 
peritoneal  dialysis  by  using  hyper-hypo-osmotic  dialysate  cycling. 

MAJOR  FINDINGS:   Animal  tests  conducted  using  uremic  goats  have  shown 
that  urea  clearance  can  be  increased  by  a  factor  of  1.5  to  3.0 
using  alternating  hyper-hypo-osmotic  dialysate  cycling.   The 
osmolality  of  the  dialysate  was  adjusted  by  changing  the 
concentration  of  glucose  (3.5  gm  %   hyper,  1.5  gm  %   hypo). 

PROPOSED  COURSE:   This  contract  has  been  terminated.   .An  RFP  for 
clinical  studies  will  be  issued. 
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CONTRACT  NUMBER:   NOl-AM-4-2213 

CONTRACTOR:   Stanford  University. 

AMOUNT :   None . 

TITLE:   Hyperglycemia,  Hyperlipidemia,  and  Insulin  Resistance  in 
Chronic  Renal  Failure  and  in  Relation  to  Hemodialysis. 

OBJECTIVES:   The  objectives  of  this  study  are  to  determine  the  effect 
of  dietary  manipulations  on  glucose  metabolism  in  lipids  in  patients 
on  chronic  hemodialysis.  Additionally,  animal  studies  in  rats  and 
dogs  are  utilized  to  demonstrate  the  mechanisms  involved  in  the 
hypertriglyceridemia  in  lipid  abnormalities. 

MAJOR  FINDINGS:   The  response  of  plasma  triglyceride  levels  to  changes 
in  composition  of  a  meal  formula  diet  study  in  12  subjects  who 
had  moderate  severe  chronic  renal  failure.   A  fasting  hypertri- 
glyceridemia greater  than  150  mg/100  ml.  was  present  in  7  of  12 
subjects.   The  triglyceride  levels  decreased  in  all  subjects  in 
response  to  a  reduction  in  the  proportion  of  carbohydrate  and 
an  increase  in  the  polyunsaturated  fat  ratio  in  an  isocaloric  diet. 
These  studies  were  short-term  and  carried  out  on  patients  on  hemo- 
dialysis over  an  11  to  14  day  period.  Additionally,  the  effect  of 
acute  uremia  on  triglyceride  kinetics  in  the  rat  was  studied.  The 
hepatic  triglyceride  secretion  rate  during  in  situ  liver  profusion 
was  measured  and  the  hepatocyte  very  low  density  life  of  protein 
content  was  quantified  by  use  of  the  electron  microscope.   Results 

_  indicated  that  triglyceride  synthesis  and  secretion  was  decreased 
in  acute  uremia,  suggesting  that  the  association  with  increase  in 
plasma  triglyceride  levels  might  result  from  a  removal  defect. 

PROPOSED  COURSE:   This  contract  is  to  terminate  on  June  23,  1978.   It 
is  expected  that  in  the  final  months  several  aspects  of  their  studies 
will  be  concluded. 
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CONTRACT  NUMBER:   NOl-AiM-8-2207 . 

CONTRACTOR:   Stanford  University. 

AMOUNT:   $15,000. 

TITLE:   Nutritional  Aspects  in  Acute  Renal  Failure  Following 
Cardiac  Surgery. 

OBJECTIVES:  A  group  of  patients  will  be  studied  to  determine  the 
reproducibility  of  calculated  urinary  nitrogen  and  creatinine 
volumes  of  distribution  and  urinary  nitrogen  generation  rates 
over  3  to  5  consecutive  dialysis  cycles.   In  addition,  the 
comparison  of  measured  removal  rates  with  calculated  generation 
rates  will  be  carried  out.   The  effect  of  variation  in  amino 
acid  and  carbohydrate  intake  on  nitrogen  balance  as  well  as 
outcome  of  acute  renal  failure  and  progression  to  chronic  renal 
failure  will  be  studied. 

MAJOR  FINDINGS:   This  contract  is  a  feasibility  study  which  began  in 
January  of  1978.  As  of  yet,  very  preliminary  data  have  been 
collected  on  a  few  patients. 

PROPOSED  COURSE:   It  is  expected  that  at  least  six,  but  as  many  as 
twelve  patients  have  studies  conducted  to  calculate  the  above- 
mentioned  factors.   This  should  be  completed  by  December  of  1978. 


CONTRACT  iNUMBER:      NOl-AM-7-2237 

CONTRACTOR:      University  of  South  Florida. 

AMOUNT:      $28,790. 

TITLE:  Antithrombo genie  Surfaces:  Platelet-  Interface  Reactions. 

OBJECTIVES:   The  objectives  are  to  attain  a  better  understanding  of 
the  reactions  of  blood  with  artificial  surfaces.   These  studies 
are  the  continuation  of  work  conducted  by  the  principal  investigator 
during  the  past  few  years.   The  study  will  be  carried  out  in  two 
areas:  1]  to  study  the  interaction  of  thrombin  and  antithrombin^ 
with  cuprophane  and  polyvinyl  chloride  surfaces.   This  study  will 
be  carried  by  use  of  radiolabeled,  highly  purified  preparations 
of  the  two  proteins  as  well  as  by  immuno specific  antibodies  to 
thrombin  and  antithrombin3.   It  will  be  extended  to  include 
interaction  of  thrombin  and  antithrombin3  with  the  surfaces 
of  blood  cells,  particularly  platelets  and  leukocytes;  2)  to 
study  the  effects  of  serum  from  uremic  patients  before  and  after 
dialysis  on  growth  of  human  endothelial  cells  in  cultures. 
Human  endothelial  cells  have  specific  growth  requirement  in 
culture  mediums.   Since  uremic  patients  are  predisposed  to 
atherosclerosis,  this  study  is  testing  the  hypothesis  that 
substances  in  uremic  serum  may  damage  endothelial  cells  or  alter 
certain  of  their  functions. 

MAJOR  FINDINGS:   Studies  have  been  conducted  on  the  adsorption  of 
purified  human  albumin,  fibrinogen,  and  IgG  to  cuprophane  and 
polyvinyl  chloride  (PVC)  using  radiolabled  proteins  as  ivell  as 
radiolabeled  immunospecific  antibody  to  these  three  antigens. 
It  was  found  that  the  amount  of  each  of  the  three  antigens  in 
different  parts  of  the  dialyzer  differs;  it  also  differs  in 
different  dialyzers.   Platelet  adhesion  to  cuprophane  under 
conditions  of  flow  have  been  studied;  few  platelets  adhere  to 
cuprophane  in  nonturbulent  flow;  in  turbulent  flow,  adhesion 
is  increased  by  increased  sheer  stress.   It  was  also  found 
that  Heparin  from  different  sources  and  also  that  of  different 
batch  production  influences  platelet  adhesion  in  a  different  and 
unpredictable  fashion.   EDTA  and  citrate,  aspirine  and  dipyridamole 
were  foimd  to  decrease  platelet  adhesion  in  different  proportions; 
exposure  of  platelets  to  ATP,  epinephrine  and  collagen  increased 
platelet  adhesion  values.   Studies  of  exposure  of  heparinized 
Ijlood  or  plasma  to  cuprophane  or  PBC  were  conducted,  which 
failed  to  show  a  detectable  effect  on  different  platelets  or 
coagulation  functions. 

PROPOSED  COURSE:   Studies  on  this  research  protocol  are  to  be  completed 
bv  the  end  of  this  contract  year. 
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CONTRACT  NUMBER:   N01-.\M-5-2205 

CONTRACTOR:   University  of  Texas. 

AMOUNT:   $38,991. 

TITLE:   Physiological  Transport  Parameters  in  Patient-Artificial 
Kidney  System. 

OBJECTIVES:   To  obtain  a  fundamental  understanding  of  physiological 
transport  in  patients  in  peritoneal  and  hemodialysis  with  the 
overall  goal  of  improving  the  treatment  of  uremia. 

MAJOR  FINDINGS:   A  significant  disequilibrium  between  plasma  [and 
interstitial  fluid  pools)  and  intracellular  spaces  has  been 
shown  to  occur  after  fast  dialysis.   Physiological  resistances 
for  a  variety  of  marker  solutes  have  been  determined  for  trans- 
capillary  and  transperitoneal  transport. 

PROPOSED  COURSE:   Completion.   The  goals  of  this  contract  have  been 
accomplished. 
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CONTRACT  NUMBER:   NOl-M-6-2211 

CONTRACTOR:   University  of  Texas. 

AMOUNT:   $54,522. 

TITLE:   Clinical  Development  of  the  Low  Dialysis  Clearance  Hypothesis 
Via  Equilibrium  Peritoneal  Dialysis. 

OBJECTIVES:   To  develop  a  continuous,  ambulatory  peritoneal  dialysis 
(CAPO)  technique  requiring  no  delivery  equipment, 

MAJOR  FINDINGS:   Ten  patients  are  presently  undergoing  the  CARD 

procedure.   The  maximum  time  has  been  over  twelve  months  and  the 
average  time  about  seven  months.   Two  patients  who  had  significant 
abnormal  nerve  conduction  velocity  showed  improvement  within  the 
first  five  months  of  treatment  with  CARD,   Of  six  patients  who 
were  hypertensive  at  the  initiation  of  the  CARD  treatment,  five 
require  no  drugs  and  one  had  a  significant  reduction  in  drug  dose. 

The  main  problem  associated  with  the  procedure  has  been  peritonitis 
Cone  incident  per  five  patient/month) .  Means  of  decreasing 
peritonitis  incidence  rate  is  under  investigation. 

PROPOSED  COURSE:   A  total  of  20  or  more  patients  will  be  included  in  the 
continuation  of  this  study. 
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CONTRACT  NUMBER:   NOl -.AM- 7-2211 

CONTRACTOR:   University  of  Utah. 

.AMOUNT :   None . 

TITLE:   Taste  Acuity  in  Zinc  Tissue  Levels  in  Hemodialysis  Patients. 

OBJECTIVES:   The  objective  of  this  study  is  to  evaluate  the 

relationship  between  taste  acuity  and  zinc  tissue  levels  in  patients 
in  maintenance  hemodialysis. 

MAJOR  FINDINGS:   This  study  is  a  double-blind  crossover  study  initiated 
in  1977,  and  only  incomplete  data  has  been  obtained  on  the  first 
patients  completing  both  the  4-month  control  and  4-month  study 
period.   Baseline  and  monthly  measurements  of  taste  acuity,  zinc 
levels,  copper  levels,  alkaline  phosphatase,  fasting  glucose 
dietary  analysis  of  food  records  and  urea  generation  rate  are 
all  being  made  and  the  results  are  e.xpected  by  the  end  of  this  year. 

PROPOSED  COURSE:   The  above-mentioned  studies  are  to  be  carried  out 

in  from  40  to  50  patients,  all  chronic  uremic  and  all  on  hemodialysis, 
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Contract  Number:  NOl-AM-  7-2210 

Contractor:  University  of  Utah 

Amount:  $97,810 

Title:  Urea  Removal  System 

Objective:  Considerable  research  by  various  investigators  has  been  devoted 
to  the  development  of  a  system  to  regenerate  the  dialyzing  fluid  of  the 
artificial  kidney.  Activated  carbon  has  been  widely  used  although 
effectively  removing  uric  acid  and  creatinine,  it  does  not  remove  urea 
in  sufficient  quantity.  The  proposed  system  consists  of  an  asymmetric 
cellulose  acetate  or  an  anion-exchange  (positively  charged)  membrane 
attached  to  a  secondary  loop  containing  immobilized  urease  and  an  ion 
exchange  resin.  The  membrane  will  inhibit  the  transport  of  the  cations 
such  as  sodium,  calcium,  ammonium,  potassium  and  magnesium,  but  allow 
urea  to  permeate  through  and  be  converted  to  ammonium  ion.  The  latter 
will  not  be  able  to  back-diffuse  and  will  be  removed  by  the  resin.  To 
remove  creatinine  and  uric  acid,  a  column  of  activated  carbon  will  be 
placed  in  the  dialysate  loop.  The  advantages  will  be  that  ammonium  ion 
is  essentially  the  only  cation  to  be  removed  in  the  urea  loop. 

Major  Findings:  Gulf  South  Research  Institute  as  subcontractor  has  prepared 
a  computer  simulation  model  of  the  triple  loop  system.  Curves  showing 
the  time  dependence  of  urea  concentration  in  the  three  loops  as  a 
function  of  flowrate,  membrane  permeability,  inlet  concentration  were     ^ 
obtained.  For  a  six  hour  hemodialysis  protocol,  where  the  initial  blood  ^ 
-  urea  level  of  100  mg%  is  reduced  to  a  level  of  30  mg%,  the  numerical 
modeling  of  the  system  suggests:  (a)  The  solution  flowrate  in  the  urease 
loop  must  be  at  least  400  ml/min.,  (b)  The  urea  dialyzer  which  transmits 
urea  but  not  electrolytes  should  have  a  permeability  value  comparable 
to  that  of  existing  hollow  fiber  units  which  transmit  urea  and  electro- 
lytes (Im  ),  and  (c)  The  urease  cartridge  with  a  solution  flowrate  of 
400  ml/min.  and  input  urea  concentration  of  10-30  mg/100  ml  must  be 
capable  of  catabolizing  urea  at  a  rate  of  about  60  mg/min. 

Urease  has  been  immobilized  onto  titanium  using  stannous  bridge  coupling. 
Flow  studies  were  conducted  to  find  hydrolysis  rates  as  a  function  or 
urea  inlet  concentration  and  flow.  These  figures  were  then  used  in  the 
computer  simulation  model.  Further  studies  on  urease  immobilization 
include  time  stability  and  possible  interference  of  other  constituents 
on  urease  activity. 

To  remove  ammonium  ion,  zeolites  or  crystalline  molecular  sieve  ion  ex- 
changers were  investigated  as  well  as  conventional  ion  exchange  resins    ^^ 
such  as  zirconium  phosphate.  Zeolite's  Linde  lonsiv  F-80  and  W-85      ^- 
(Union  Carbide)  appear  especially  promising  in  terms  of  high  capacity 
and  high  specificity  for  ammonium  ion. 
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Anion  exchange  membranes,  initially  asymmetric  cellulose  acetate,  are 
being  made  and  tested  at  Gulf  South  Research  Institute.  The  membranes 
will  be  tested  along  with  the  immobilized  urease  and  ion  exchange  resin 
to  determine  the  feasibility  and  performance  of  the  complete  system. 


Proposed  Course:  This  project  will  be  continued. 
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CONTRACT  NUMBER:   NOl-AM-2-2211 

CONTRACTOR:  Vanderbilt  University. 

AMOUNT:   $87,000. 

TITLE:  Neurobehavioral  and  Clinical  Responses  to  Hemodialysis. 

OBJECTIVES:  The  objective  of  this  contract  is  to  correlate  reduced 
dialysis  with  a  number  of  clinical  measurements  of  behavior  and  • 
EEC  testing. 

MAJOR  FINDINGS:   Six  of  fifteen  patients  have  thus  far  completed  the 
control  period  and  reduced  dialysis  period  and  returned  to  the 
control  period.  A  one- third  reduction  in  K^,  that  is,  total 
weekly  "kidney- like  clearance"  produced  significant  neurobehavioral 
impairments  as  indicated  by  slowing  EEC  frequencies  in  several 
measures  and  by  performance  in  the  continuous  memory  tests.   The 
other  tests,  the  CRT  and  CBT,  were  not  significantly  changed.   In 
addition,  when  the  reduced  dialysis  period  was  compared  to  the 
second  control  period,  none  of  these  measurements  returned 
significantly  to  their  pre-experimental  levels. 

PROPOSED  COURSE:   The  studies  will  be  carried  out  in  the  remaining 
nine  patients  over  the  next  3  to  6  months.   This  contract  is 
scheduled  to  terminate  in  July  of  1978  and  at  that  time,  the 
studies  are  expected  to  be  concluded. 
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CONTIIA.CT  NUMBER:   NOl-AiM- 7-2203 

CONTRACTOR:   University  of  Washington. 

AMOUNT:   $137,428. 

TITLE:   Quantitation  of  the  Response  of  Erythropoietin  in  the 
.Anemia  of  Chronic  Renal  Disease  in  Sheep. 

OBJECTIVES:   (1)   To  determine  the  duration  of  erythropoietin  infusion 
that  produces  the  most  effective  erythroid  response  for  a  given 
dose  in  normal  sheep  and  then  infuse  various  amounts  of  purified 
erythropoietin  into  four  normal  hypertrans fused  uremic  sheep. 
(2)   To  measure  and  compare  the  erythroid  response  by  (a)  measur- 
ing circulating  reticulocytes  and  (b)  quantitative  ferrokinetic 
studies.   (3)  To  infuse  daily  the  erythropoietin  for  up  to 
30  days  using  the  smallest  dosage  that  is  effective  in  the 
hypertrans fused  state.   The  sheep  will  be  dialy:ed  three  times 
a  week  and  maintained  similarly  to  dialyzed  uremic  humans. 
Chromium  51  red  cell  mass  determinations  will  monitor  the 
effectiveness  of  this  long  term  erythroid  stimulus.  A 
subsequent  saline-placebo  infusion  will  be  given  for  comparison. 
If  there  is  no  response  to  the  infused  erythropoietin, 
suggesting  .hat  there  are  inhibitors  to  erythropoietin, 
middlemolecule  clearances  will  be  increased  utilizing  an 
experimental  dialysis  membrane,  and  erythropoietin  infusion 
studies  then  repeated. 

MAJOR  FINDINGS:   Unfortunately,  the  erythropoietin  supplied  to  this 

contractor  was  contaminated  with  endoto-xin.   The  first  18  months 
the  contractor  spent  attempting  to  purify  the  erythropoietin 
unsuccessfully.   Therefore,  the  objectives  were  not  met. 

PROPOSED  COURSE:   This  contract  will  be  extended  for  an  additional 

9  months  to  allow  the  contractor  the  opportunity  to  successfully 
purify  the  erythropoietin. 
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CONTRACT  NUMBER:   NOl-AM- 3-2212 

CONTRACTOR:   University  of  Washington. 

AMOUNT:   $60,000. 

TITLE:   Study  of  Hyperlipidemia  and  Atherogenesis  in  Renal  Failure. 

OBJECTIVES:   The  objective  of  this  study  is  to  investigate  the 

mechanisms  of  hyperlipidemia  and  atherogenesis  in  the  chronic  uremic 
state.  Animal  models  [rat),  clinical  investigations,  and  in  vitro 
cell  culture  techniques  have  all  been  utilized. 

MAJOR  FINDINGS:   Studies  in  surgically  induced  uremic  rat  model  have 
shown  that  the  abnormality  of  elevated  triglyceride  levels  appears 
to  result  from  a  functional  impairment  in  lipoprotein  lipase. 
Arterial  smooth  muscle  cells  (SMC)  obtained  from  segments  of  renal 
arteries  from  renal  failure  patients  have  been  grown  successfully 
in  tissue  culture.   The  allograft  serum  (10%)  caused  a  significantly 
greater  stimulation  of  SMC  growth  and  serum  from  either  human 
controls  or  steroid  treated  bronchitics.   This  proliferative 
effect  was  contained  in  the  lipid-free  serum  protein  faction  of 
density  greater  than  1.25  g/ml .   In  addition,  allograft  sera 
significantly  increased  both  the  finding  and  uptake  and  delayed 
the  degeneration  of  125-I-LDL  by  SMC. 

PROPOSED  COURSE:   This  contract  will  continue  to  study  the  effect  of 
uremic  sera  on  smooth  muscle  cell  proliferation.  As  this  contract 
will  expire  in  September  1978,  any  work  done  now  is  in  pursuit  of 
the  conclusion  of  this  studv. 
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CONTRACT  NUMBER:   NOl-AM- 7-2225 

CONTRACTOR:   University  of  Southern  California. 

AMOUNT:   $124,891. 

TITLE:   Sexual  Dysfunction  in  End  Stage  Renal  Disease. 

OBJECTIVES:   To  evaluate  the  incidence  and  ideology  of  impotence  • 

in  uremic  males.   This  will  be  done  by:Cl)  Psychiatric  evaluation 
of  the  uremic  patient.   (2)  Determination  of  nocturnal  penile 
tumescence.  (5)      Evaluation  of  sperm  counts  in  motility. 
(4)   Evaluate  autonomic  dysfunction  in  this  population. 
C5}   Measurements  of  blood  levels  of  testosterone  LH,  FSH, 
prolactin  and  PTH.   (6)   Determination  of  metabolic  clearance 
rate  of  testosterone.  (7)      Monitoring  blood  levels  of 
reproductive  hormones  in  a  subgroup  of  patients  treated  for 
hyperparathyroidism. 

MAJOR  FINDINGS:   The  contract  has  only  been  in  progress  less  than 

six  months  and  no  major  findings  have  been  observed  at  present. 

PROPOSED  COURSE:   Continuation  of  the  objectives  above. 
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Contract  Number:  NOT -/\M-7-2222 

Contractor:  University  of  Washington 

Amount:  $100,300 

Title:  Influence  of  Anions  (Acetate  or  Bicarbonate)  on  Patient 
Symptomatology  during  Dialysis 

Objective:  This  study  is  to  develop  additional  data  on  the  question  of 
whether  standard  dialysis  could  be  improved  by  use  of  bicarbonate 
rather  than  acetate  containing  dialysate.  Particular  emphasis  is  to 
be  on  the  relative  merits  of  each  dialysate  with  respect  to  practical 
clinical  problems  in  the  dialysis  process  such  as:  incidence  of  nausea, 
vomiting,  tiredness,  confusion,  headache;  incidence  and  severity  of 
hypotensive  episodes  and  incidence  of  angina  at  varying  ultrafiltration 
rates  during  conventional  dialysis;  incidence  and  severity  of  hypo- 
tensive episodes  and  incidence  of  angina  during  a  protocol  consisting 
of  ultrafiltration  alone  followed  by  dialysis  with  substantially  no 
ultrafiltration  occurring.  The  symptomatic  response  of  a  group  of 
patients  subjected  successively  to  large  surface  area  dialysis  employ- 
ing acetate,  bicarbonate  or  a  mixture  of  both  anions  will  be  studied. 
Patient  outcome  measures  will  include  acetate  levels,  bicarbonate,  PCO2, 
pH,  blood  press' "^e,  pulse,  continuous  performance  test,  choice  reaction 
time  test,  short  time  interval  perception  test,  and  presence  and  degree 
of  the  above  listed  symptoms. 
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Major  Findings:  A  substantial  portion  of  patients  reported  severe  post- 
dialysis  symptomatology  when  running  on  large  surface  area  (LS)  dialyzers. 
The  amount  and  severity  of  these  symptoms  were  found  to  be  higher  when 
acetate  was  used  in  the  dialysate  and  lower  when  bicarbonate,  the 
physiologic  buffer,  was  substituted  for  the  acetate.  The  difference 
between  the  acetate  (LS-A)  and  bicarbonate  (LS-B)  treatments  was  ob- 
served in  a  double  blind  pilot  study  using  a  log  of  patient  symptoms 
and  the  Continuous  Performance  Test  as  dependent  variables.  In  this  project 
the  objective  is  to  broaden  this  study  with  another  group  of  patients 
who  were  randomly  selected  from  our  patient  population.  To  this  end, 
the  study  includes  comparisons  of  LS-A,  LS-B,  and  a  third  treatment 
(LS-C)  with  the  same  concentration  of  acetate  ions  but  with  HCO3  present 
to  maintain  stable  acid-base  status. 
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The  symptom  study  received  major  focus  during  the  first  portion  of  the 
year.  Approximately  2/3  of  the  study  has  been  completed.  The  ultra- 
filtration study  has  been  started,  but  only  partial  results  are  currently 
presented.  Early  data  support  previous  findings  that  LS-B  appears  to 
provide  less  complicated  ultrafiltration  than  LS-A. 

Striking  individual  differences  in  the  apparent  rate  which  patients 
metabolize  acetate  have  been  noted.  The  most  symptomatic  patients 
have  a  complex  of  high  acetate  levels,  significant  falls  in  HCO3, 
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decreases  in  pH  and  PCO^  during  LS-A  dialysis.  The  least  symptomatic 
patients  remain  virtually  unchanged  in  these  variables  though  receiving 
the  same  treatment.  The  response  of  the  least  symptomatic  patients  to 
LS-A  is  very  similar  to  the  response  of  the  most  symptomatic  patients 
on  LS-B  treatment.  If  continued  studies  support  these  findings,  there 
may  be  a  basis  for  a  simple  discriminative  test  to  predict  which  patients 
may  benefit  from  LS-B  treatment  to  reduce  complications  during  and  after 
dialysis. 

Proposed  Course:  This  project  will  be  continued. 
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Contract  Number:     NOl -AM-4-2201 

Contractor:     University  of  Washington 

Amount:      $54,476 

Title:     Anticoagulant-Bound  Hemodialysis 

Objectives:     Using  a  heparin   bound  dialyzer  derived  from  purified  heparin, 
patient  trials  will    be  continued.     Approximately  10  uremic  patient 
volunteers  will    be  studied  by  2-3  experiments  each  to  further  char- 
acterize performance  of  grafted  Model   4  system  using  commercially 
available  heparin.     Control   runs  with  systemic  heparinization  will 
also  be  run  with  ungrafted  systems  for  comparison.     Isolated  high 
potency  heparin  will    be  grafted  to  dialysis  systems  to  be  used  in  an 
additional    10  patients  for  7  or  more  hours  of  dialysis.     Each  patient 
in  this  series  will    receive  2-3  runs  with  the  grafted   system.     Systemic 
heparin  control   dialysis  will    be  performed  on   these  same  patients. 

Major  Findings:      Seven  chronic  uremic  patients  and  one  acute  uremic  patient 
with  bilateral    thrombosis  of  the  renal   artery  were  subjected  to  a  total 
of  24  hemodialyses  with  a  totally  heparin-grafted  dialysis   system   (PVC-- 
tubing  coated  with  cetyl    pyrimidinum  chloride   (CPC)-heparin,   Model   4 
HFAK  Cordis-Dow  with   heparin  attached  via  an   isourea  bond).     Group  A 
(3  chronic  uremic  patients,   6  experiments,   use  of  heparin  Sigma   for 
tubing  and  HFAK):     Ap  showed   stable  values   through  4  hours.     After  4 
hours,  an   increase  in  Ap  was  noted   caused  by  progressive   clotting   in 
the  dialyzers   in   3  out  of  5  cases.     Group  B   (4  chronic  uremic  patients, 
8  experiments,   use  of  heparin    "Sigma"  for  blood-tubing,   heparin   "Abbott' 
for  HFAK):     The  Aps  exhibited  stable  values   throughout  the  scheduled 
6   hours  of  hemodialysis.     Fiber  bundle  volume  loss    (FBVL)  was  2.6%± 
1%/hour. 

Acute  uremic  patient  (12  experiments  with  a   totally  heparin-grafted 
hemodialysis   system,  2  experiments  with  a  nongrafted  system,  without 
systemic  heparinization,   source  of  heparin  used  as   in  B):     Only  a   slight 
constant  increase  of  Aps  could  be  noted  throughout  the  scheduled  run 
of  6   hours.     FBVL  was  3.7%  -  2.7%/hrs.      In  contrast,  dialysis  time  with 
2  nongrafted   systems  run  without  systemic  heparinization  averaged 
1-3/4  hour   (50%/hour  FBVL).     BUN  values  dropped  from  62  ±  26  to  35  ±  10 
after  use  of  the  heparin-grafted  system. 

Coagulation  parameters   showed  a  prolonged  thrombin   time  and  partial 
thromboplastin  time,   indicating  heparin   leakage  as  an  effective  prin- 
ciple.    In  comparison  to  the  minimal    I.V.   heparinization  in  5  chronic 
uremic  patients  according   to   the  method  of  Gotch,  which  yielded  1600  *        gm 
200  U  as  a  loading  dose  and  1860  ±  235  U  maintenance  dose,  only  about  H 

1/3   heparin  was   leaking  off  the   heparin-grafted  dialysis   system.  ^ 

In  vitro  clearances  on  grafted  HFAKs   showed  only  a  minor  decrease  of 
the  values  for  urea,   creatinine  and  sucrose,  as   compared  to  nongrafted 
kidneys.     There  is,   however,   a  more  than  20"  decrease  of  B12  mass  trans- 
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fer,  indicating  a  reduction  in  membrane  pore  size,  which  may  be  of 
future  concern,  due  to  its  effect  on  the  clearance  of  middle  molecules, 

Proposed  Course:  This  contract  has  been  completed. 
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CONTRACT  NUMBER:   N01-.'\M-8-2208 

CONTRACTOR:   Washington  University. 

AMOUNT:   $15,000. 

TITLE:   Physical  Effects  of  Exercise  on  Lipid  Carbohydrate 
Metabolism  in  Hemodialysis  Patients. 

OBJECTIVES:   The  study  is  designed  to  determine  the  effect  of 
exercise  on  the  carbohydrate  and  lipid  metabolism  of  chronic 
uremic  patients  on  hemodialysis.  Five  to  seven  patients  will 
participate  in  the  investigations  and  studies  v\rill  be  carried 
out  to  determine  the  prevalence  of  elevated  plasma  triglycerides 
and  reduced  HDL  cholesterol  levels.   Additionally,  individualized 
exercise  training  programs  will  be  chosen  for  the  patients  and 
various  parameters  will  be  measured  before  and  after  four  to  eight 
months  of  exercise. 

MAJOR  FINDINGS:   This  study  was  initiated  in  January,  1978,  and  no 
major  findings  have  been  reported  as  yet. 

PROPOSED  COURSE:   This  study  was  initiated  in  January,  1978,  and  will 
study  five  to  seven  patients  on  individually  chosen  exercise  training 
programs  in  order  to  ascertain  whether  any  difference  in  triglyceride 
levels,  cholesterol  levels,  resting  and  exercising  EKG's,  blood 
pressure  and  maximum  oxygen  uptake  occurs. 
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Metabolic  Disease  Epidemiology  Unit 

Characterization  of  the  mechanism  of  action  of  antithyroid  substance  produced 
by  escherichia  coli  has  continued.  Preliminary  results  indicate  that  this 
substance  may  have  a  peripheral  action  rather  than  a  direct  inhibitory 
effect  on  thyroid  hormone  production. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  natural  history  of  the  various  manifestations  and  vascular  complications 
of  diabetes  mellitus  are  being  studied  and  evaluated  in  an  Amerindian 
community.  Various  associated  conditions  and  factors,  including  heredity, 
that  may  have  a  bearing  on  the  frequency  and  severity  of  diabetes  and/or 
its  complications  are  under  investigation. 
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decreases  in  pH  and  PCOn  during  LS-A  dialysis.  The  least  symptomatic 
patients  remain  virtually  unchanged  in  these  variables  though  receiving 
the  same  treatment.  The  response  of  the  least  symptomatic  patients  to 
LS-A  is  ^ery   similar  to  the  response  of  the  most  symptomatic  patients 
on  LS-B  treatment.  If  continued  studies  support  these  findings,  there 
may  be  a  basis  for  a  simple  discriminative  test  to  predict  which  patients 
may  benefit  from  LS-B  treatment  to  reduce  complications  during  and  after 
dialysis. 

Proposed  Course:  This  project  will  be  continued. 
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Contract  Number:      NOT -AM-4-2201 

Contractor:     University  of  Washington 

Amount:      $54,475 

Title:     Anticoagulant-Bound  Hemodialysis 

Objectives:     Using  a  heparin   bound  dialyzer  derived  from  purified  heparin, 
patient  trials  will    be  continued.     Approximately  10  uremic  patient 
volunteers  will   be  studied  by  2-3  experiments  each  to  further  char- 
acterize performance  of  grafted  Model   4  system  using  commercially 
available  heparin.     Control    runs  with  systemic  heparinization  will 
also  be  run  with  ungrafted  systems  for  comparison.     Isolated  high 
potency  heparin  will    be  grafted  to  dialysis  systems  to  be  used  in  an 
additional    10  patients  for  7  or  more  hours  of  dialysis.     Each  patient 
in  this  series  will   receive  2-3  runs  with  the  grafted   system.     Systemic 
heparin  control   dialysis  will    be  performed  on   these  same  patients. 

Major  Findings:     Seven  chronic  uremic  patients  and  one  acute  uremic  patient 
with  bilateral   thrombosis  of  the  renal   artery  were  subjected  to  a   total 
of  24  hemodialyses  with  a   totally  hepari n-grafted  dialysis  system   (PVC- 
tubing  coated  with  cetyl    pyrimidinum  chloride   (CPC)-heparin,   Model   4 
HFAK  Cordis-Dow  with   heparin  attached  via  an  isourea   bond).     Group  A 
(3  chronic  uremic  patients,  6  experiments,   use  of  heparin  Sigma   for 
tubing  and  HFAK):     Ap  showed  stable  values   through  4  hours.     After  4 
hours,  an  increase  in  Ap  was  noted  caused  by  progressive  clotting   in 
the  dialyzers   in   3  out  of  5  cases.     Group  B   (4  chronic  uremic  patients, 
8  experiments,   use  of  heparin    "Sigma"  for  blood-tubing,   heparin   "Abbott" 
_     for  HFAK):     The  Aps  exhibited  stable  values   throughout  the  scheduled 
6  hours  of  hemodialysis.     Fiber  bundle  volume  loss    (FBVL)  was  2.5%± 
1%/hour. 

Acute  uremic  patient  (12  experiments  with  a   totally  hepari n-grafted 
hemodialysis   system,  2  experiments  with  a   nongrafted  system,  without 
systemic  heparinization,   source  of  heparin  used  as   in  B):     Only  a   slight 
constant  increase  of  Aps  could  be  noted  throughout  the  scheduled  run 
of  6   hours.     FBVL  was  3.7%  -  2.7%/hrs.      In  contrast,   dialysis   time  with 
2  nongrafted   systems  run  without  systemic  heparinization  averaged 
1-3/4  hour   (50%/hour  FBVL).     BUN  values  dropped  from  62  ±  26  to  35  ±  10 
after  use  of  the   hepari n-grafted  system. 

Coagulation  parameters  showed  a  prolonged  thrombin  time  and  partial 
thromboplastin  time,   indicating  heparin   leakage  as  an  effective  prin- 
ciple.     In  comparison  to  the  minimal    I.V.   heparinization   in  5  chronic 
uremic  patients  according  to  the  method  of  Gotch,  which  yielded  1600   - 
200  U  as  a   loading  dose  and  1860  ±  235  U  maintenance  dose,  only  about 
1/3  heparin  was   leaking  off  the  heparin-grafted  dialysis  system. 

In  vitro  clearances  on  grafted  HFAKs   showed  only  a  minor  decrease  of 
the  values  for  urea,   creatinine  and  sucrose,  as  compared  to  nongrafted 
kidneys.     There  is,   however,   a  more  than  20?^  decrease  of  B12  mass  trans- 
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fer,  indicating  a  reduction  in  membrane  pore  size,  which  may  be  of 
future  concern,  due  to  its  effect  on  the  clearance  of  middle  molecules, 

Proposed  Course:  This  contract  has  been  completed. 
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CONTRACT  ^aJMBER:   N01-.'\M-8-2208 

CONTRACTOR:   Washington  University. 

AMOUNT:   $15,000. 

TITLE:   Physical  Effects  of  Exercise  on  Lipid  Carbohydrate 
Metabolism  in  Hemodialysis  Patients. 

OBJECTIVES:   The  study  is  designed  to  determine  the  effect  of 
exercise  on  the  carbohydrate  and  lipid  metabolism  of  chronic 
uremic  patients  on  hemodialysis.  Five  to  seven  patients  will 
participate  in  the  investigations  and  studies  will  be  carried 
out  to  determine  the  prevalence  of  elevated  plasma  triglycerides 
and  reduced  HDL  cholesterol  levels.   Additionally,  individualized 
exercise  training  programs  will  be  chosen  for  the  patients  and 
various  parameters  will  be  measured  before  and  after  four  to  eight 
months  of  exercise. 

MAJOR  FINDINGS:   This  study  was  initiated  in  January,  1978,  and  no 
major  findings  have  been  reported  as  yet. 

PROPOSED  COURSE:   This  study  was  initiated  in  January,  1978,  and  will 
study  five  to  seven  patients  on  individually  chosen  exercise  training 
programs  in  order  to  ascertain  ivhether  any  difference  in  triglyceride 
levels,  cholesterol  levels,  resting  and  exercising  EKG's,  blood 
pressure  and  maximum  oxygen  uptake  occurs . 
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CONTRACT  NUMBER:      N01-.AM-4-2221 

CONTRACTOR:      Yale  University. 

.AMOUNT      S52,000. 

TITLE:   Carbohydrate  Intolerance  in  Uremia. 

OBJECTIVES:   The  objectives  of  this  study  are  fl)  quantitate  the 
degree  of  overall  tissue  resistance  to  insulin  in  uremia,  (2)  to 
define  the  contribution  of  increased  hepatic  glucose  release  to 
insulin  resistance  and  (3)  to  assess  the  hyperglucagonemia  and 
altered  tissue  responsiveness  to  glucagon  in  uremia. 

MAJOR  FINDINGS:   Two  types  of  glucose  clamp  studies  were  performed 
in  ten  chronic  uremic  patients  and  in  eight  normal  controls.   In 
the  first,  blood  glucose  concentration  was  acutely  raised  and 
maintained  125  mg/dl  above  basal  levels  for  two  hours  to  evaluate 
the  secretory  response  to  comparable  degrees  of  hv^perglycemia. 
In  the  second,  the  blood  glucose  concentration  was  held  constant 
at  the  basal  level  despite  constant  physiological  hyperinsulinemia 
produced  by  the  continuous  fusion  of  exogenous  insulin.   The  amount 
of  glucose  metabolized  during  sustained  hyperglycemia  in  the  uremic 
was  reduced  as  compared  to  the  normal  despite  increased  circulating 
endogenous  insulin  levels.   After  dialysis,  the  amount  of  glucose 
metabolized  increased  by  50%  to  values  comparable  to  those  observed 
in  controls.   Those  uremics  who  showed  the  most  striking  increases 
in  metabolism  after  dialysis  demonstrated  a  reduced  insulin  response 
to  hyperglycemia.   Thus,  after  dialysis,  the  improvement  in  tissue 
sensitivity  to  insulin  was  inversely  correlated  with  the  beta  cell 
response  to  glucose. 

PROPOSED  COURSE:   This  contract  terminates  in  June  of  197S  and  the  work 
presently  being  completed  is  that  in  pursuit  of  conclusion  of  the 
studies . 
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ANNUAL  REPORT  SUMMARY 
EPIDEMIOLOGY  AND  FIELD  STUDIES  BRANCH 

Southwestern  Field  Studies  Section 


€ 


The  activities  of  this  section  relate  primarily  to  the  prospective  studies 
of  the  natural  history  of  diabetes  mellitus  and  arthritis  among  the  Pima 
Indians  of  the  Gila  River  .Indian  Community. 

The  natural  history  of  glucose  intolerance  among  the  Pima  Indians  below  24 
years  of  age  has  been  investigated  in  detail.  The  frequency  of  clinical 
overt  diabetes  mellitus  among  those  under  15  years  of  age  is  rare,  whereas, 
the  frequency  increases  markedly  between  the  ages  of  15  and  24  years.  Also, 
in  this  age  group,  asymptomatic  glucose  intolerance  occurs  in  five  to  seven 
percent  of  subjects.  The  clinical  spectrum  of  diabetes  in  this  age  group 
is  wide.  In  those  with  a  clinical  presentation,  some  50  percent  had  had  at 
least  one  episode  of  ketoacidosis.  Most  of  these  subjects,  however,  were 
obese  at  the  time  of  presentation,  had  varying  periods  in  which  they  had  not 
received  treatment  with  insulin,  tDut  had  not  spontaneously  developed  keto- 
acidosis. Examination  of  these  individuals  for  the  presence  of  islet  cell 
antibodies  and  associations  with  HLA  types  B8  and  B-W15,  all  of  which  occur 
in  high  frequency  in  Caucasian  ketosis-prone  insulin  dependent  diabetes 
revealed  that  only  20  percent  had  islet  cell  antibodies  at  the  time  of 
diagnosis,  and  none  were  HLA  B8  or  B-W15  positive.  No  association  between 
diabetes  in  the  young  Pima  and  other  HLA  B  series  antigens  was  detected. 
From  these  observations  we  have  concluded  that  diabetes  in  young  Pimas  is 
almost  invariably  of  the  ketosis-resistant  type.  Thus,  diabetes  in  young 
Pima  Indians  appears  to  be  of  the  type  described  as  maturity  onset  diabetes 
of  the  young  and  which  represents  the  early  onset  of  the  same  type  of 
diabetes  as  is  found  in  the  older  Pimas  in  such  high  frequency. 


i 
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The  effect  of  obesity  on  diabetes  incidence  in  the  Pimas  has  been  investigated 
further.  The  degrees  of  obesity  present  in  the  population  are  associated  with 
a  five  to  six  fold  difference  in  the  incidence  of  diabetes.  The  incidence 
among  the  most  obese  portion  of  the  population  is  greatest  in  the  young  adult 
years  and  falls  markedly  in  the  older  age  groups,  whereas,  in  the  less  obese 
portions  of  the  population  the  incidence  continues  to  rise  with  increasing 
age.  This  observation  suggests  that  one  effect  of  obesity  is  to  precipitate 
the  disease  in  susceptible  individuals,  since  in  older  subjects  in  spite  of 
equivalent  obesity  the  incidence  of  diabetes  in  reduced  probably  as  a  result 
of  the  exhaustion  of  the  population  of  susceptible  individuals.  The  patho- 
physiologic changes  relating  to  the  effects  of  obesity  on  diabetes  have  been 
pursued  in  detail  in  studies  described  from  the  Phoenix  Clinical  Research 
Section. 

We  have  investigated  further  the  relationship  between  elevated  blood  pressure'! 
and  diabetic  retinopathy.  Retinal  lesions  occur  10  times  as  frequently  in 
the  diabetic  as  in  the  non-diabetic  Pima  Indian.  Among  the  diabetic  subgroup 
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the  rate  of  development  of  retinopathy  is  related  to  initial  blood  pressure 
and  the  incidence  of  retinopathy  is  1.5  times  greater  in  those  with  diastolic 
blood  pressures  equal  or  greater  than  80  mmHg  than  in  those  with  lower 
diastolic  blood  pressures.  This  association  appears  to  be  independent  of 
potential  confounding  variables.  Following  corrections  using  multivariate 
analysis  techniques,  the  incidence  of  diabetic  retinopathy  was  80  percent 
greater  in  those  with  baseline  diastolic  blood  pressures  equal  or  greater 
than  80  mmHg.  These  findings  strongly  suggest  that  the  control  of  blood 
pressure  in  the  diabetic  may  reduce  the  incidence  of  retinopathy.  This 
hypothesis  however,  can  only  be  tested  in  a  randomized  controlled  clinical 
trial . 

Studies  of  the  relationship  between  diabetes  and  complications  and  outcome 
of  pregnancy  in  Pima  Indian  women  has  been  continued.  The  incidence  of 
congenital  anomalies  in  the  offspring  of  114  diabetic  pregnancies  was  11 
percent  compared  to  2.5  percent  in  2000  non-diabetic  pregnancies.  This 
observation  confirms  our  previous  findings  of  a  significantly  increased 
incidence  of  congenital  anomaly  in  diabetic  pregnancies.   In  prediabetic 
pregnancies,  that  is  pregnancies  occurring  in  women  who  subsequently  develop 
diabetes,  the  incidence  of  congenital  anomalies  was  not  significantly  greater 
than  in  the  non-diabetic  pregnancies.  Thus,  the  high  incidence  of  congenital 
anomalies  in  the  diabetic  pregnancy  appears  to  be  related  ot  the  state  of 
diabetes  itself  rather  than  to  a  genetic  predisposition  to  an  increased 
frequency  of  anomaly  in  these  women.  Further  exploration  of  this  relation- 
ship indicates  that  anomalies  are  more  frequent  in  the  offspring  of  mothers 
who  have  developed  diabetes  at  a  earlier  age  in  those  who  have  received 
insulin  treatment  and  who  may,  therefore,  have  a  more  severe  metabolic  defect. 
This  is  also  suggested  by  the  finding  that  congenital  anomalies  were  not  more 
frequent  in  the  offspring  of  women  with  gestational  diabetes  only. 

Studies  of  the  natural  history  of  arthritis  and  rheumatism  among  the  Pima 
Indians  have  continued  to  focus  on  elucidation  of  the  characteristics  of  the 
various  types  of  degenerative  joint  disease  in  the  population.  During  the 
past  year  we  have  shown  that  vertebral  ankylosing  hyperostosis,  a  syndrome 
involving  primarily  the  spine,  but  also  associated  with  an  increased 
frequency  and  distinctive  pattern  of  degenerative  changes  in  peripheral  joints, 
is  not  associated  with  the  HLA  B27  antigen  and  can  not,  therefore,  be 
considered  one  of  the  B27  associated  spondyloarthropathies.  Studies  have  been 
initiated  to  elucidate  the  pattern  of  joint  disease  associated  with  chondro- 
calcinosis  in  the  population. 

The  characterization  of  genetic  markers  in  the  Pima  Indian  population  has 
been  continued.  Studies  are  in  progress  to  examine  possible  associations 
of  B  lymphocyte  types  with  maturity  onset  diabetes,  ankylosing  spondylitis 
and  rheumatoid  arthritis.  Work  has  continued  on  the  distribution  of  albumin 
variants  in  the  Pima  population  and,  in  conjunction  with  Dr.  Baruch  Blumberg 
of  the  Institute  of  Cancer  Research,  Philadelphia,  attempts  to  sequence  the 
structure  of  Albumin  Mexico  will  be  made  in  the  forthcoming  year. 
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Fast  hemoglobin  (HBAl )  concentration  provides  an  estimate  of  the 
integrated  glucose  concentration  over  the  life  of  the  circulating  red 
cell.  Investigations  in  conjunction  with  the  Southwestern  Field  Studies 
Section  have  shown  that  frequency  distributions  of  the  HBAl  concentra- 
tions are  bimodally  distributed  in  the  Pima  Indian  population  aged  25 
and  over.  In  the  younger  age  groups  only  a  single  mode  is  seen.  This 
observation  provides  an  independent  confirmation  of  the  significance  of 
our  previous  reports  of  bimodal  distribution  of  glucose  levels  in  the 
Pima  Indian  population,  and  provides  an  alternate  means  of  classifying 
diabetic  and  non-diabetic  Pima  Indians.  Investigations  of  HBAl  concen- 
trations will  be  extended  to  determine  the  detailed  characteristics  of 
the  bimodal  frequency  distributions  according  to  age  and  sex,  and  will 
provide  an  index  of  glucose  level  which  will  be  used  to  further  investi- 
gate the  relationship  between  hyperglycemia  and  the  prevalence  and 
incidence  of  the  specific  complications  of  diabetes  in  the  Pima  Indians. 
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Metabolic  Disease  Epidemiology  Unit 

Characterization  of  the  mechanism  of  action  of  antithyroid  substance  produced 
by  escherichia  coli  has  continued.  Preliminary  results  indicate  that  this 
substance  may  have  a  peripheral  action  rather  than  a  direct  inhibitory 
effect  on  thyroid  hormone  production. 


1164 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  AM  69,000-13  EFS 


PERIOD  COVERED 

October  1,  1977  to  September  30,  1978 


TITLE  OF  PROJECT  (80  characters  or  less) 

Diabetes  Mellitus  in  the  Gila  River  Indian  Community 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 

EFSB,  NIAMDD 

SPSS,  NIAMDD  ■ 

SPSS,  NIAMDD 

SPSS,  NIAMDD 

SPSS,  NIAMDD 


PI: 

P.H.  Bennett 

Chief 

Other: 

W.C.  Knowler 

Staff  Physician 

P.J.  Savage 

Staff  Physician 

C.J.  Webner 

Visiting  Associate 

D.  Petti tt 

Staff  Physician 

COOPERATING  UNITS  (if  any)  M.  Miller,  CasB  Western  Reserve  University 

N.B.  Rushforth,  Case  Western  Reserve  University 

E.J.  Ballintine,  NEI 

D.  Doniach,  Middlesex  Hospital  Medical  School,  London,  U.K. 


lab/branch 

Epidemiology  and  Pield  Studies  Branch 


SECTION 

Southwestern  Field  Studies  Section 


INSTITUTE  AND  LOCATION 

NIAMDD,  NIH,  Phoenix,  Arizona  85014 


TOTAL  MANYEARS: 


8.5 


PROFESSIONAL: 


4.0 


OTHER: 


4.5 


CHECK  APPROPRIATE  BOX(ES) 
5  (a)   HUMAN  SUBJECTS 

H  (al)  MINORS   □  (a2)  INTERVIEWS 


D  (b)  HUMAN  TISSUES 


D  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 
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1165 


PHS-6040 
(Rev.    10-76) 


ZOl  AM  69,000-13  EFS 
Project  Description: 
Objectives: 

1.  Determine  the  prevalence  and  Incidence  of  diabetes  mellitus  among  those 
five  years  of  age  and  over  on  the  Gila  River  Indian  Reservation. 

2.  Evaluate  factors  associated  with  the  progression  from  prediabetic  state 
to  subclinical  diabetes  mellitus  and  to  clinical  diabetes. 

3.  Study  risk  factors  associated  with  the  rate  of  appearance  and  progres- 
sion of  vascular  complications. 

4.  Investigate  Influence  of  tribe,  age,  obesity,  parity,  and  other  factors 
of  changes  in  glucose  tolerance  and  their  relationship  to  diabetes 
mellitus. 

Methods  Employed: 

1.  The  following  tests  and  examination  are  repeated  at  two  yearly  intervals 
on  all  Indians  five  years  of  age  or  more  living  on  the  Sacaton  Service 
Unit  portion  of  the  Gila  River  reservation. 

a.  Clinical  interview 

b.  Physical  examination 

c.  Modified  glucose  tolerance  test  and  other  biochemical  tests 

In  addition,  on  those  aged  15  years  and  over: 

d.  Fundus  photographs 

e.  Electrocardiogram 

f.  Tests  for  vibratory  sensation  threshold 

g.  Soft  tissue  radiographs  for  vascular  calcification 

2.  Some  of  the  above  tests  and  examinations  are  also  being  done  on  Indians 
of  other  tribes  or  living  under  different  environmental  conditions  and 
on  non-Indian  subjects  for  comparison. 
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Major  Findings: 

1.  High  prevalence  of  diabetes  in  Pima  youths.  Plasma  glucose  levels  were 
determined  two  hours  after  a  75  gm  oral  carbohydrate  load  in  2594  Pima 
Indians  aged  5-24  years,  approximately  80  percent  of  the  available  popu- 
lation. Medical  records  of  the  entire  population  were  reviewed  for  a 
previous  diagnosis  of  or  treatment  for  diabetes.  None  of  the  1718  subjects 
below  age  15,  but  7  of  876  aged  15-24  had  had  a  previous  diagnosis  of 
diabetes.  Of  the  7  known  diabetics,  4  had  been  treated  with  insulin  and 

3  with  oral  hypoglycemic  agents.  Ketoacidosis  had  occurred  in  4.  Hyper- 
glycemia in  subjects  15-24  years  old  was  much  more  frequent  than  reported 
in  other  population  groups,  but  in  the  vast  majority  was  asymptomatic  and 
ketosis  resistant.  Glucose  intolerance  was  associated  with  obesity.  In 
Pima  offspring,  the  presence  of  diabetes  in  both  parents  was  related  to 
glucose  tolerance  in  those  above  but  not  below  the  age  of  15  years. 
Ketosis  resistant  diabetes  occurs  frequently  in  Pimas  above  age  15  despite 
no  excess  of  insulin-ketosis-prone  diabetes  below  15  years  of  age. 

2.  Evidence  from  immunologic  studies  that  most  diabetes  in  the  Pimas  is  of 
the  maturity  onset  type,  even  when  of  early  age  of  onset.  Pancreatic 
islet-cell  antibodies  (ICA)  occur  in  80?o  of  classical  juvenile  diabetics 
at  diagnosis,  but  in  most  tend  to  disappear  within  1-2  years.  Persistence 
of  ICA  is  associated  with  thyroid  and  gastric  auto-immunity  and  HLA-B8  and 
BIS,  as  in  the  adult  polyendocrine  diabetic  in  whom  a  primary  auto-immune 
defect  may  destroy  insulin  cells.  In  contrast,  ICA  are  rarely  found  in  the 
maturity-onset  type  of  diabetes. 

To  study  the  role  of  auto-immunity  in  diabetes  in  the  Pima  Indians,  the  ' 
frequency  of  ICA  and  12  other  autoantibodies  including  thyroglobul in, 
thyroid  microsomal,  gastric  parietal  cell,  glucagon  cell  and  somatostatin 
cell  antibodies  were  measured  in  46  recent  onset  Pima  Indian  diabetics, 
aged  17-47  years,  and  46  age-sex  matched  controls.  Diabetic  sera  were 
obtained  at  the  first  examination  with  an  abnormal  GTT  (2-hr  plasma 
glucose  ^200mg/dl ;  mean±SE=318±16)  following  a  previously  normal  GTT 
(mean  2-hr  glucose  124+3)  by  an  interval  of  2.8+0.2  years.  Ten  subjects 
were  aged  £25  at  diagnosis  and  5  subsequently  received  insulin.  Controls 
had  normal  GTTs  for  at  least  4  years  following  the  tests. 

ICA,  unassociated  with  other  autoantibodies,  were  found  in  only  2  diabetics, 
aged  20  and  25,  both  of  whom  subsequently  received  insulin,  compared  to  0 
of  46  controls  (NS).  At  least  1  autoantibody  was  found  in  14  (30%)  of  the 
diabetics  and  14  controls,  the  same  prevalence  as  in  Caucasians,  but  no 
antibody  was  significantly  associated  with  diabetes.  HLA  typing  of  26  Of 
the  diabetics  revealed  no  B8  or  B15.  This  study  suggests  that  most  Pima 
diabetes  is  not  of  the  auto- immune  type,  and  hence  is  of  the  maturity- 
onset  type,  despite  its  high  incidence  even  at  young  ages. 
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3.  Obesity  increases  diabetes  incidence.  The  age-sex  adjusted  incidence  of 
diabetes  mellitus  was  10.U3.2  cases/1000  person-years  (±  standard  error) 
in  non-obese  Pima  Indians  (weight/height^  <2.5  gm/cm-^) ,  24.9±2.3  cases/ 
1000  person-years  in  the  moderately  obese  (2.5-3.5  gm/cm')  and  56.8 ±6.4 
cases/1000  person-years  in  the  severely  obese  (>_3.5  gm/cm^) ,  a  5^-fold 
range  from  least  to  most  obese.  This  effect  of  obesity  on  diabetes 
incidence  is  stronger  than  the  effect  of  obesity  on  diabetes  prevalence 
previously  observed,  because  the  association  in  prevalence  is  diluted 

by  the  weight  loss  in  diabetics  subsequent  to  diagnosis.  Thus  the  marked 
effect  of  obesity  on  diabetes  incidence  is  emphasized,  suggesting  the 
importance  of  weight  control  in  preventing  the  disease. 

4.  Elevated  blood  pressure  is  a  risk  factor  for  diabetes  retinopathy. 
Diabetic  retinopathy  (DR)  was  assessed  twice  in  214  diabetics  and  1 582 
non-diabetics  initially  free  of  DR.  Examinations,  separated  by  6  years, 
included  ophthalmoscopy  and  supine  blood  pressure  without  knowledge  of 
the  clinical  status,  and  other  studies  of  diabetes  and  its  complications. 

Crude  6  year  cumulative  incidence  of  retinal  lesions  (microaneurysms, 
hemorrhages,  exudates  or  neovascularization)  was  3.7?^  in  non-diabetics 
and  41  ?o  in  diabetics,  indicating  that  most  in  fact  represent  DR.  DR 
incidence  was  30"  at  initial  diastolic  blood  pressure  (DBF)  <80  and  49?^ 
at  DBF  >_80  (rate  ratio,  RR  =  1.63,  p<.01).  DR  incidence  plateaued  at 
DBF  >80. 

To  control  for  20  potential  confounding  variables,  a  multivariate  con- 
founder  summarizing  score  was  computed  for  each  diabetic  (fixing  DBF) 
from  a  linear  discriminant  function  separating  groups  by  DR.  The  score 
indeed  discriminated  between  the  groups,  as  DR  incidence  increased  from 
18%  in  the  lowest  to  86%  in  the  highest  score  quintiles.  Stratifying  by 
the  score,  the  summary  RR  for  DBF  >80  was  1.81  (p<.0005).  Thus  DBF  ^80 
resulted  in  an  81%  increase  in  DR,  suggesting  that  blood  pressure  control 
may  reduce  the  incidence  of  DR. 

5.  Distribution  of  albumin  variants  in  American  Indians.   In  order  to  help 
define  the  boundaries  of  the  distribution  of  the  albumin  variants  Maskapi 
and  Mexico  which  are  polymorphic  among  several  American  Indian  groups,  we 
examined  sera  from  Micmac,  Mohawk,  Northwest  River  Naskapi  ,  Omaha  and 
Apache  Indians,  and  from  Aleuts  and  Eskimos.  Sera  from  a  total  of  1,524 
individuals  were  examined.  Using  a  cellulose  acetate  membrane  electro- 
phoretic  system  with  Tris-Citric  acid  at  pH  5.4  we  were  able  to  distin- 
guish normal  albumin  and  both  variants  in  the  same  run.  Naskapi  and 
Mexico  variants  were  absent  from  Aleut,  Eskimo,  Micmac,  Mohawk  and  Omaha 
samples.  The  albumin  Naskapi  variant  was  present  in  an  allele  frequency 
of  0.03  in  the  Naskapi  Indian  sample.  Albumin  variants  Naskapi  and  Mexico 
were  found  in  the  Apache  sample  at  frequencies  of  0.016  and  0.037,  res- 
pectively. Generally,  within  an  area  there  is  a  correspondence  between 
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changes  in  the  frequency  of  albumin  variants  and  changes  in  the  ethnic 
background  and  history  of  the  area's  populations.  At  the  same  time, 
when  viewing  widely  separated  areas,  relationships  between  distant 
groups  based  on  linguistic  and  cultural  similarities  are  paralleled  on 
a  biologic  level  by  the  distribution  of  normal  albumin  and  variant 
albumins. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute. 
The  nature  of  diabetes  in  Pima  Indians  has  been  more  clearly  charac- 
terized. The  disease  is  much  more  prevalent  than  in  other  populations 
from  age  15  and  above,  is  often  ketosis  resistant,  familial,  obesity 
related,  and  unassociated  with  islet  cell  or  other  organ-specific  auto- 
immunity. Thus,  the  disease  in  Pimas,  even  most  of  the  young,  can  be 
classified  as  the  adult  onset  type  of  diabetes.  This  is  the  type  of 
diabetes  in  which  heredity,  rather  than  acute  islet  cell  destruction 
following  environmental  influences,  is  most  likely  to  be  the  cause. 

Blood  pressure  above  80  mmHg  diastolic  (which  is  generally  treated  as 
hypertension)  was  identified  as  a  risk  factor  for  diabetic  retinopathy. 
This  may  help  in  understanding  the  etiology  of  diabetic  retinopathy, 
for  which  few  risk  factors  other  than  diabetes  itself  have  been 
identified.  The  finding  also  has  important  therapeutic  implications, 
as  high  blood  pressure  is  potentially  leversible  by  treatment,  and  thus 
the  suggestion  is  made  that  some  diabetic  retinopathy  might  be  prevent- 
able by  blood  pressure  control.  This  should  be  tested  by  a  clinical 
trial . 

Proposed  Course:  The  long-term  follow-up  studies  of  diabetes  and  its 
vascular  complications  will  continue.  Surveillance  of  non-diabetic  subjects 
becoming  diabetic  and  of  diabetics  progressing  with  their  disease  gives  an 
opportunity  for  further  study  of  risk  factors  for  diabetes  and  its  compli- 
cations. Further  study  of  risk  factors  for  diabetes  will  include  studies 
of  obesity  and  gene  markers.  Further  studies  of  the  role  of  blood  pressure, 
plasma  glucose  concentration,  and  drug  treatment  on  the  incidence  of 
diabetic  retinopathy  and  nephropathy  will  be  undertaken. 

Publications : 

Johnson,  J.D.,  Simoons,  F.J.,  Hurwitz,  R.  Grange,  Adenike,  Mitchell,  C.H., 
Sinatra,  F.R.,  Sunshine,  P.,  Robertson,  W.V.,  Bennett,  P.H.  and  Kretchmer, 
N. :  Lactose  Malabsorption  Among  the  Pima  Indians  of  Arizona.  Gastro- 
enterology 73:1299-1304,  1977. 

Bennett,  P.H.:  Diabetes  Mellitus  in  the  Pima  Indians  of  Arizona.  In 
Proceedings  of  the  Sixth  Asia  and  Oceania  Congress  of  Endocrinology,     . 
Singapore,  January  22-27,  1978.  (In  press)  |4 


1169 


r 


ZOl  AM  69,000-13  EFS 

Editor:  Bennett,  P.H.,  Entmacher,  P.S.,  Habicht,  J-P.,  Knowles,  H.C., 
Whittlesey,  L.M.  (Eds.):  Diabetes  Data,  Compiled  1977.  U.S.  Department 
of  Health,  Education,  and  Welfare,  DHEW  Publication  No.  (NIH)  78-1468. 
Washington,  D.C.,  U.S.  Government  Printing  Office,  1978,  119  pp. 

Author:  Hamman,  R.F.,  Bennett,  P.H.,  Miller,  M. :  Incidence  of  Diabetes 
Among  the  Pima  Indians.  New  York,  N.Y.,  Academic  Press,  1978,  49  pp. 

Johnson,  J.D.,  Simoons,  F.J.,  Hurwitz,  R. ,  Grange,  A.,  Sinatra,  F.R., 
Sunshine,  P.,  Robertson,  W.V.,  Bennett,  P.H.,  Kretchmer,  N. :  Lactose 
Malabsorption  Among  Adult  Indians  of  the  Great  Basin  and  American 
Southwest.  Am.  J.  Clin.  Nutr.  31:381-387,  1978. 

Editor:  Miller,  M.  and  Bennett,  P.H.  (Eds.):  Advances  in  Metabolic 
Disorders:  International  Studies  in  the  Epidemiology  of  Diabetes. 
New  York,  Academic  Press,  1978,  Vol  9,  462  pp. 

Schell,  L.M.,  Agarwal ,  S.S.,  Blumberg,  B.S.,  Levy,  H.,  Bennett,  P.H., 
Lauchlin,  W.S.,  Martin,  J. P.:  Distribution  of  Albumin  Variants  Naskapi 
and  Mexico  Among  Aleuts,  Frobisher  Bay  Eskimos,  and  Micmac,  Naskapi, 
Mohawk,  Omaha  and  Apache  Indians.  Am.  J_.  Phy .  Anthropol .  (In  Press) 

Author:  Bennett,  P.H.:  Diabetes  Mellitus  and  Its  Complications  in  the 
Pima  Indians  of  Arizona.  In  Proceedings  of  IX  IDF  Congress:  Epidemiology 
and  Diabetes  and  Its  Vascular  Complications,  Bombay,  October  28-28,  1976. 
(In  Press) 

Knowler,  W.C,  Bennett,  P.H.,  Hamman,  R.F.,  Miller,  M.  :  Diabetes 
Incidence  and  Prevalence  in  Pima  Indians  -  A  19-fold  Greater  Incidence 
Than  in  Rochester,  Minnesota.  Am.  J_.  Epidemiol .  (In  Press) 

NIH  Contract  No.  HSM-73-73-165      Starting  Date:  September  30,  1977 

Expiration  Date:  September  29,  1978 

Contractor:  Case  Western  Reserve  University 

Money  Allocated:  $55,370         Man-Years  Purchased:  2 

Pathogenesis  of  Diabetes  Mellitus  in  the  Gila  River  Indian  Community 

Some  of  the  development  of  the  mathematical  theory  and  computation  and 
analysis  involved  in  the  above  project  was  carried  under  this  contract 
with  Dr.  Harold  B.  Houser,  Dept.  of  Biometry,  Case  Western  Reserve 
University  ,  Cleveland,  Ohio. 


1170 


SMITHSONIAN  SCIENCE 
PROJECT  NUMBER  ' 


tMUt  INFORMATION  EXCHANGE 
(Do  not  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


Z0.1  AM  69001-09  EFS 


# 


PERIOD    COVERED 

October  1,  1977  to  September  30,  1978 


TITLE  OF  PROJECT  (80  characters  or  less) 

Complications  and  Outcome  of  Diabetic  and  Prediabetic  Pregnancies 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 

PI:      Peter  H.  Bennett 
Other:    William  C.  Knowler 

Peter  J.  Savage 

Caryl!  J.  Webner 


Chief 

EFSB 

NIAMDD 

Staff  Physician 

SPSS 

NIAMDD 

Staff  Physician 

SPSS 

NIAMDD 

Visiting  Associate 

SPSS 

NIAMDD 

COOPERATING  UNITS  (if  any) 

Indian  Health  Service 


1 


lab/branch 
Epidemiology  and  Field  Studies  Branch 


SECTION 

Southwestern  Field  Studies  Section 


INSTITUTE  AND  LOCATION 

NIAMDD,  NIH,  Phoenix,  Arizona  85014 


TOTAL  MANYEARS: 


10 


PROFESSIONAL: 


0.5 


OTHER: 


0.5 


CHECK  APPROPRIATE  SOx(ES) 
[j((a)   HUMAN  SUBJECTS 

[^(al)  MINORS   D  (a2)  INTERVIEWS 


D  (b)  HUMAN  TISSUES 


□  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

To  determine  the  effects  of  diabetes  mellitus  and  prediabetes  on  the 
compl ications  and  outcome  of  pregnancy  in  women  in  the  Gila  River  Indian 
Community. 

The  characteristics  of  all  pregnancies  among  residents  of  the  Gila  River     ^b 
Indian  Community  will  be  determined.  Each  pregnant  woman  will  have  a  modified  fP 
glucose  tolerance  test  during  the  third  trimester  and  following  delivery 
and  will  be  retested  at  approximately  two  yearly  intervals  in  conjunction 
with  the  prospective  study  of  diabetes  mellitus  in  the  same  community.  The 
characteristics  of  the  pregnancies  in  women  who  subsequently  become  diabetic 
will  be  compared  to  those  among  women  who  were  diabetic  at  the  time  of 
pregnancy  and  those  who  remain  nondiabetic. 
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Project  Description: 

Objectives:  To  document  the  natural  history  and  to  determine  the  effect 
of  diabetic  and  prediabetic  pregnancies  in  a  Pima  Indian  group  with  the 
highest  recorded  prevalence  of  diabetes  mellitus.  Special  emphasis  will  be 
placed  on  complication  during  pregnancy  and  associations  with  mortality  and 
morbidity  in  the  offspring. 

Methods  Employed:  The  course  and  outcome  of  pregnancies  in  all  female 
residents  of  the  Gila  River  Indian  Community  (Sacaton  Service  Unit  area)  are 
followed  and  recorded  in  a  standardized  manner. 

All  patients  attending  prenatal  clinic  at  Sacaton  Hospital  receive  a 
modified  glucose  tolerance  test  during  the  third  trimester  of  their  pregnancy. 
These  patients  receive  another  modified  glucose  tolerance  test  24-48  hours 
post  partum  and  a  chart  review  and  patient  interview  are  done  for  additional 
information.  They  are  retested  at  approximately  2  yearly  intervals  to 
document  the  development  or  not  of  diabetes.  They  will  also  be  retested  for 
each  subsequent  pregnancy. 

Infants  will  be  examined  to  determine  the  presence  of  congenital 
anomalies  and  data  related  to  mortality  and  morbidity  will  be  collected  and 
documented.  At  age  five  years,  the  children  will  be  re-examined  to  detect 
any  further  abnormalities  which  may  have  been  inapparent  at  birth. 

Major  Findings:  Partial  analysis  has  been  done  with  regard  to  congenital 
anomalies,  but  analysis  of  other  findings  has  been  deferred  pending  collection 
of  additional  data. 

Congenital  anomalies  are  two  to  four  times  more  frequent  in  the  off- 
spring of  diabetic  mothers  and  represent  an  increasingly  important  cause  of 
perinatal  mortality. 

Anomalies  are  most  frequent  in  the  offspring  of  mothers  who  have  devel- 
oped diabetes  at  an  early  age,  are  insulin  treated  and  may  have  vascular 
compl ications. 

Congenital  Anomalies  and  Maternal  Diabetes 
Status  in  Pima  Indians 

Maternal       No.  of  With 

Diabetes  Status    Children       Anomalies 

No.  % 


Non-diabetic  2013  51  2.53 

Pre-diabetic  511  18  3.52 

Diabetic  114  13  11.40 

Total  2638  82  3.11 

,2 


X^   =   28.54;    p<0.001 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
In  view  of  the  high  prevalence  of  diabetes  In  the  Pima  Indians,  studies  in 
the  Gila  River  Community  provide  a  unique  opportunity  to  evaluate  the  out- 
come of  both  prediabetic  pregnancies  and  pregnancies  with  mild  carbohydrate 
intolerance.  Retrospective  studies  of  the  course  of  prediabetic  pregnancies    | 
have  to  date  produced  conflicting  results.  Although  it  is  well  established    j^ft 
that  patients  with  severe  glucose  intolerance,  especially  those  with  diabetes  ^^ 
of  long  duration  and  significant  microvascular  complications,  have  an  in- 
creased prevalence  of  fetal  mortality  and  maternal  morbidity,  it  is  not 
certain  whether  treatment  will  improve  the  outcome  of  those  pregnancies  in 
which  there  is  mild  glucose  Intolerance.  Limited  prospective  studies  of  the 
benefit  of  treating  pregnant  women  with  mild  glucose  Intolerance  have  so  far 
yielded  conflicting  results.  With  the  adoption  of  more  stringent  criteria 
for  the  treatment  of  mild  carbohydrate  intolerance  in  pregnancy  it  is  hoped 
that  this  study  will  be  able  to  add  to  the  evaluation  of  this  problem  by 
monitoring  the  Impact  of  these  therapeutic  changes  on  the  outcome  of  preg- 
nancies on  the  reservation. 

Proposed  Course:  The  pregnancy  study  will  continue  in  conjunction  with 
the  study  of  the  natural  history  of  diabetes  mellitus  in  the  Gila  River 
Indian  Community.  The  number  of  pregnancies  recognized  to  be  prediabetic 
will  increase  as  the  Tiothers  studied  develop  diabetes  mellitus. 


A  more  extensive  approach  to  documenting  the  congenital  anomalies  will 
be  undertaken. 

Publ ications: 

'   Bennett,  P.H.,  Webner,C.,  and  Miller, M.:  Congenital  anomalies  and  the 
diabetic  and  prediabetic  pregnancy.  Proceedings  of  the  Ciba  Foundation 
Meeting,  March  28-April  2,  1978,  London,  England. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords)  ^     .      t   .,  • 

The  postmortem  characteristics  of  Pima  Indians  of  the  Gila  River  Indian 
Community  are  investigated  so  that  findings  in  subjects  with  and  without 
diabetes  mellitus  can  be  correlated  with  studies  in  living  subjects. 

Postmortem  examinations  are  performed  on  members  of  the  Gila  River  Indian 
Community  whenever  possible,  regardless  of  whether  the  subjects  have  prior 
evidence  of  diabetes.  Tissues  are  examined  by  light  and  electron  microscopy 
and  the  histology  related  to  the  clinical  findings  in  the  same  subjects. 
Trace  metal  contents  of  tissues  are  measured  to  determine  relationships  of 
trace  metals  to  diabetes.  The  data  collections  will  be  continued  for  several 
years  with  periodic  analyses  of  the  data. 
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Project  Descriptions: 


1.  To  determine  the  causes  of  death,  and  associated  disease  processes  in 
members  of  the  Gila  River  Indian  Community  being  followed  in  prospective 
studies  on  arthritis,  diabetes  mellitus,  cholelithiasis,  etc. 

2.  To  ascertain  and  evaluate  the  histopathological  changes  in  tissues  and 
cells  as  they  relate  to  diabetes  mellitus.  To  assess  their  importance 
and  relationship  to  clinical  findings  in  members  of  the  Gila  River 
Indian  Community  upon  whom  autopsies  are  performed. 

3.  Evaluate  factors  and  conditions  associated  with  increased  or  decreased 
mortality  rate  in  the  Gila  River  Indians. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

1.  As  more  subjects  who  have  been  under  long  term  ante-mortem  surveillance 
are  autopsied,  more  precise  clinical  pathologic  correlations  will  be 
available  for  the  study  of  diabetes  mellitus  than  has  previously  been 
possible. 

Proposed  Course:  The  systematic  collection  and  cataloging  of  tissues  will 
continue.  As  sufficient  specimens  become  available,  detailed  examinations 
of  various  tissues  will  be  made.  Further  studies  of  the  kidney,  including 
electron  microscopy  and  biochemical  quantification  of  the  a  and  6  cells  of 
the  islets  of  Langerhans  will  be  the  major  activity  in  the  coming  year. 

Publications : 

Eatough,  D. ,  Hansen,  L.D.,  Starr,  S.C,  Astin,  N.S.,  Larsen,  S.B.,  Izatt, 
R.M.,  Christensen,  J.J.,  Hamman,  R.F.:  Chromium  in  Autopsy  Tissues  of 
Diabetic  and  Mon-diabetic  American  (Pima)  Indians.  Trace  Element 
Metabolism  in  Man  and  Animal,  Vol  3,  p.  259-263,  1978. 
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SUMMARY  OF  ^ORK    (200  ^ords  or  less  -  underline  keywords) 

The  development  and  progression  of  various  forms  of  arthritis  is  being 
investigated  in  an  American  Indian  population.  The  patterns  of  joint 
disease  will  be  examined  to  determine  if  distinctive  patterns  of 
degenerative  joint  disease  can  be  recognized,  and  if  so,  their  evolution 
and  outcome  will  be  followed.  In  addition,  the  prognostic  significance 
of  various  factors  related  to  rheumatoid  arthritis  and  ankylosing 
spondyli  tis  will  be  examined. 

The  study  which  includes  clinical  radiographic  and  serologic  studies  of 
joint  disease  is  part  of  a  prospective  study  of  the  Gila  River  Indian 
Community,  in  which  studies  of  diabetes  mellitus  and  related  diseases 
are  being  undertaken. 
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Project  Description: 
Objectives: 

1.  Determine  the  progression  of  clinical,  radiological  and  serological   ^ 
features  of  joint  diseases  affecting  the  Gila  River  Indians  with 
particular  attention  to  rheumatoid  arthritis,  osteoarthritis,  anky- 
losing spondylitis,  and  gout. 

2.  Determine  environmental  and  genetic  factors  associated  with  development 
and  progression  of  arthritis  and  rheumatism. 

3.  To  compare  and  contrast  the  clinical  course  of  rheumatoid  arthritis 
in  sero-positive  individuals  with  that  of  sero-negative  arthritics. 

4.  Determine  the  predictive  and  prognostic  significance  of  rheumatoid 
factor  in  relation  to  the  clinical  course  of  rheumatoid  arthritis. 

Methods  Employed: 

1.  The  following  tests  and  examinations  will  be  repeated  on  all  Indians 
five  years  of  age  and  over,  living  on  the  Sacaton  Service  Unit  portion 
of  the  Gila  River  Reservation. 

a.  Clinical  interview  v 

b.  Physical  examination 

c.  Radiographs  of  hands,  feet,  and  cervical  spine.  Males  over  age  14 

and  females  over  age  44  will  have  a  pelvis  film  taken 

d.  Laboratory  determinations:  rheumatoid  factor,  uric  acid. 

2.  The  data  from  the  above  examinations  and  tests  as  well  as  demographic 
pedigree,  environmental  information,  and  data  on  other  conditions  and 
diseases  will  also  be  collected. 

Major  Findings:  Vertebral  ankylosing  hyperostosis  (VAH)  is  a  frequent 
skeletal  disorder  in  the  Pima  Indians,  with  a  prevalence  rate  of  approx- 
imately 50%  in  males  aged  55  years  and  over.  A  possible  association 
between  this  disorder  and  the  HLA-B27  antigen  has  been  postulated, 
suggesting  that  VAH  is  one  of  the  HLA-B7  associated  spondyloarthropathies. 
This  association  has  been  examined  in  the  Pima  Indians  and  has  been  found 
to  be  absent.  Thus  the  high  frequency  of  HLA-B27  (c.20%)  in  the  Pima 
population  is  unrelated  to  the  high  frequency  of  VAH. 

Chondrocalcinosis  is  also  present  in  high  frequency  (c  10%)  of  elderly    ' 
Pima  Indian  males  and  is  frequently  associated  with  degenerative  joint 
disease  (DJD)  of  unusual  distribution.  To  elucidate  differences  in  the 
pattern  of  DJD,  other  disease  and  biochemical  correlates  of  chondro- 
calcinosis, the  physical,  radiographic  and  biochemical  characteristics  of 
Pima  Indians  with  chondrocalcinosis  and  age-sex  matched  controls  without 
evidence  of  chondrocalcinosis  have  been  compared. 
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Significance:  Elucidation  of  the  characteristics  of  the  many  types  of 
degenerative  joint  disease  as  they  occur  in  a  total  population  represents 
an  important  step  in  the  classification  of  such  syndromes.  Such  a 
taxonomy  is  necessary  prior  to  searching  for  etiologic  factors.  As  the 
individual  syndromes  become  defined  specific  hypotheses  can  be  tested  as 
exemplified  here  by  the  test  of  the  association  between  VAH  and  HLA-B27. 

Proposed  Course:  Collaborative  efforts  to  define  B  lymphocyte  associated 
antigens  and  ankylosing  spondylitis  and  rheumatoid  arthritis  will  be 
continued  as  will  the  attempts  to  provide  a  better  classification  of  the 
syndromes  of  degenerative  joint  disease. 

Publ ications: 


Spagnola,  A.M.,  Bennett,  P.H.,  and  Terasaki ,  P.I.:  Vertebral  Ankylosing 
Hyperostosis  (Forestier's  Disease)  and  HLA  Antigens  in  Pima  Indians. 
Arthritis  and  Rheum.  21:467-472,  1978. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  principal  results  have  stemmed  from  the  elucidation  of  a  few  of  the 
properties  of  the  antithyroid  substance  (ATS)  produced  by  Escherichia  coli. 
ATS  does  not  appear  to  be  the  type  of  goitrogen  which  inhibits  protein 
binding  in  the  thyroid  but  preliminary  work  suggests  that  it  has  a  different 
type  of  activity  -  possibly  peripheral. 
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Project  Description: 

Obj ectives :  The  long-term  objectives  of  the  program  are:   (a)  to  examine 
closely  the  principal  environmental  factors  associated  with  prevalence  of 
goiter  and  (b)  to  study  the  nature  of  the  metabolic  defects  responsible  for 
the  disease.  The  immediate  short-term  objectives  are  to  identify  and 
characterize  certain  microbially-produced  goitrogens. 

Methods  Employed:  Further  development  of  this  research  has  proceeded  in 
two  directions:   [aj  toward  elucidation  of  the  mechanism  through  which  ATS 
effects  are  mediated  and  (b]  under  contract  no.  NO1-.AM-8-2200  ($24,078.00) 
with  the  Department  of  Biochemistry,  Nfurray  State  University,  for  further 
purification  and  characterization  of  ATS.  The  mechanism  is  being  elucidated 
principally  through  pharmacologic  studies  in  rats  and  under  the  contract 
referred  to  above,  liquid  chromatographic  studies  have  been  carried  out  by 
the  contractor  and  the  crude  material  has  been  resolved  into  t\vo  peaks  on 
Sephadex  gels.  Attempts  to  digest  the  material  with  a  variety  of  enzymes 
are  also  in  progress. 

Major  Findings:  ATS  does  not  appear  to  be  a  classical  goitrogen,  i.e. 
acting  by  inhibition  of  hormone  production  in  the  thyroid  but  rather  it 
seems  to  act  peripherally  in  a  manner  so  far  unknown.   If  this  can  be 
verified,  it  will  constitute  an  important  finding  in  this  field. 

Efforts  to  further  purify  and  characterize  the  material  so  far  have  not 
been  very  successful  because  the  material  seems  to  be  present  in 
approximately  the  same  concentration  in  all  of  the  chromatographic  peaks  so 
far  identified.  Proteolytic  enzymes  appear  to  destroy  the  activity  but 
anvlase  does  not. 
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ANNUAL  REPORT:   OFFICE  OF  SCIENTIFIC  AND  TECHNICAL  REPORTS 


The  Office  of  Scientific  and  Technical  Reports  (OSTR)  prepares  and 
disseminates  the  major  portion  of  the  regular  and  special  program  reports  required 
of  the  Institute  by  the  Congress,  the  DHEW  and  the  NIH.   Associated  functions 
include  the  preparation  of  staff  papers,  publications  and  news  summaries  for  the 
layman,  as  well  as  Congressional  reports  for  appropriations  hearings;  responding 
to  inquiries  of  all  types,  particularly  Congressional  mail  and  calls;  preparation  of 
material  for  specific  Congressional  hearings;  and  assisting  in  the  preparation  of 
professional  publications.    In  addition,  the  OSTR  staffs  NIAMDD  program  exhibits 
at  professional  medical  meetings  around  the  country. 

Since  197^,  Congressional  mandates  in  arthritis,  diabetes  and  digestive 
diseases  have  significantly  increased  the  Institute's  varied  and  complex  activities. 
Because  of  the  comparative  smallness  of  the  OSTR  staff  in  relation  to  the  volume 
of  information  activities  required,  a  reorganization  took  place  in  1978  within  the 
OSTR  to  maximize  the  capabilities  of  the  limited  staff. 

Organized  along  cluster  lines,  each  staff  member  bears  responsibility  for  the 
total  information  program  needs  of  his  or  her  disease  cluster.    These  include: 
Arthritis,  Bone  and  Skin  Diseases  Program;  Digestive  Diseases  and  Nutrition  Program; 
Diabetes,  Endocrine  and  Metabolic  Diseases  Program;  and  Kidney,  Urology  and  Blood 
Diseases  Program.    In  addition,  the  four  staff  writers  also  respond  to  the  information 
needs  of  the  NIAMDD  Intramural  Program,  as  well  as  to  Congressional  inquiries, 
conference  coverage  and  media  requests  relevant  to  their  individual  program  areas. 

Scientific  and  Technical  Reports 

Special  Reports 

During  FY  1978,  OSTR  staff  members  prepared  comprehensive  special  reports 
on  six  different  research  areas  in  association  with  Congressional  appropriation 
hearings.    These  include  detailed  reports  on  research  advances  in  arthritis,  diabetes, 
digestive  diseases,  kidney  disease,  cystic  fibrosis  and  nutrition.   Other  related  reports 
are  the  budget  narrative,  which  focuses  on  intramural  research,  and  the  Director's 
opening  statement  highlighting  selected  intramural  and  extramural  research  findings. 
Certain  special  reports  —  cystic  fibrosis,  nutrition  and  diabetes  ~  involve  a  number 
of  Institutes  and  require  their  input  as  well  as  coordination  with  fellow  information 
staff  members.   All  reports  require  a  concerted  effort  by  OSTR  staffers  with  regard 
to  the  heavily  scientific  content  and  an  often  tight  deadline. 

Targeted  Reports 

A  number  of  other  detailed  reports  were  also  researched  and  written  by  OSTR 
staff  members  in  FY  1978.   "NIAMDD  International  Activities:  1977"  highlighted 
world-wide  research  efforts  supported  by  the  Institute.    This  item  was  prepared  for 
inclusion  in  the  NIH  Annual  Report  on  International  Activities,  Fogarty  International 
Center. 

Another  comprehensive  report,  "Nutrition  Information  and  Education 
Activities,"  was  prepared  for  presentation  by  the  Director,  NIAMDD,  at 
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Congressional  hearings  exploring  Federal  efforts  in  nutrition  education.    Similarly, 
a  summary  of  research  in  nutritional  biochemistry  was  written  in  response  to  a 
request  from  the  National  Science  Board. 

Other  report  activities  include  the  "Director's  Report  to  the  President  on 
Arthritis"  prepared  by  OSTR  in  accordance  with  the  mandate  of  the  National 
Arthritis  Act  of  197'+.    In  addition,  the  "NIAMDD  Communications  Plan"  was 
developed  which  presents  an  overview  of  current  information  projects  and  program 
plans.   Coupled  with  projected  Institute  communications  needs,  the  report  also 
assesses  budgetary,  personnel  and  space  requirements  for  the  successful  conduct 
of  the  anticipated  increase  in  these  activities.    Finally,  the  NIAMDD  contribution 
to  the  "Freedom  of  Information  Act  Annual  Report"  was  prepared  by  the  Institute's 
Freedom  of  Information  Officer,  an  OSTR  staffer. 

Research  Reports 

Research  reports  are  brief  summaries  written  in  lay  terminology  about 
significant  findings  reported  in  the  literature  by  NIAMDD  scientists  and  grantees. 
Prepared  by  the  OSTR,  these  reports  reflect  the  entire  scope  of  the  Institute's  research 
interests  and  programs,  and  are  used  primarily  as  a  basis  for  the  various  special 
reports  and  related  material  required  of  the  NIAMDD  by  the  Congress,  the  DHEW, 
and  the  NIH.    The  weekly  reports  also  are  distributed  routinely  to  various  Institute 
staff  members,  News  &  Features  from  NIH,  the  NIH  Record  and  other  interested 
part'^s.    They  are  similarly  distributed  upon  request  to  representatives  of  the  various 
news  media  and  to  the  general  public. 

The  following  examples  are  representative  of  the  approximately  30  research 
reports  prepared  in  FY  1978:  (1)  family  studies  of  lactase  deficiency  in  American 
Indians  suggest  that  this  trait  follows  an  autosomal-recessive  pattern  of  inheritance; 

(2)  electromagnetic  therapy  for  surgically-resistant  pseudoarthroses  and  intransigent 
fractures  has  resulted  in  bone  regeneration  and  complete  healing  in  85-90%  of  cases; 

(3)  a  decrease  in  caloric  intake,  along  with  malabsorption,  is  an  important  factor 
in  long-term  weight  loss  after  jejunoileal  bypass  surgery  for  obesity;  W  cimetidine 
therapy  is  equivalent  to  an  intensive  antacid  regimen  in  healing  and  relieving  pain 
from  duodenal  ulcer;  (5)  cholestyramine  holds  promise  for  treatment  of  human 
poisoning  by  kepone  or  other  lipophilic  environmental  toxicants;  (6)  fine-needle 
aspiration  cytology  is  of  definite  value  in  the  preoperative  evaluation  of  thyroid 
nodules. 

Publications 

In  FY  1978,  the  OSTR  was  active  in  the  preparation  of  several  new  and 
revised  publications  for  the  layman.   "Foot  Care  for  the  Diabetic  Patient"  is  now 
available  in  booklet  form  in  English,  and  in  Spanish  as  a  fact  sheet.    Plans  for 
conversion  to  a  brochure  are  under  way.   "How  to  Cope  with  Arthritis,"  a  general 
publication  of  wide  lay  interest,  was  revised  in  1978  to  incorporate  updated 
research  information.    Similarly,  "Peptic  Ulcer"  is  under  revision  to  include  new 
statistical  data  as  well  as  a  recently  approved  option  for  treatment  —  cimetidine. 

Three  new  publications  were  also  produced  in  FY  1978.   "Cystic  Fibrosis"  was 
completely  revised,  replacing  an  out-dated  1971  version.   "Scoliosis,"  a  first-time 
publication  by  the  NIAMDD,  was  prepared  in  response  to  numerous  requests  for 
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current  information  on  this  orthopedic  problem.   The  third  new  booklet  published 
in  this  time  frame  is  the  NIAMDD  brochure,  a  comprehensive  overview  of  the 
Institute  --  both  intramural  and  extramural  —  and  the  research  programs  within 
its  purview. 

Exhibits 

The  OSTR  conducts  the  Institute's  program  of  scientific  exhibits  used 
primarily  for  professional  education.    This  year,  the  NIAMDD  was  able  to  increase 
the  exhibit  schedule  from  seven  national  meetings  in  1977  to  10  in  FY  1978.    Five 
major  exhibits  were  viewed  at  various  medical  and  scientific  meetings  throughout 
the  United  States  and  Canada  by  approximately  60,000  physicians,  scientists  and 
allied  health  professionals. 

Institute  exhibits  on  the  artificial  kidney,  human  growth  hormone,  cystic 
fibrosis  and  general  research  —  both  intramural  and  extramural  —  were  displayed 
at  such  meetings  as  the  American  Society  for  Artificial  Internal  Organs,  the 
American  Society  of  Nephrology,  the  American  Academy  of  Family  Physicians,  the 
National  Kidney  Foundation,  the  American  Medical  Association  and  the  College 
of  American  Pathologists.    Accompanying  each  exhibit  are  appropriate  publica- 
tions and/or  reprints  for  distribution  by  the  OSTR  member  who  staffs  the  display. 

A  new  exhibit,  "Diabetes  and  the  American  Pima  Indians,"  made  its  debut 
at  the  annual  meeting  of  the  An.erican  Diabetes  Association  in  June  1978.    The 
structural  design  as  well  as  the  wealth  of  data  it  displayed  were  well  received  by 
the  Association  members.   Also,  permanently  displayed  in  the  NIH  lobby  is  the 
Institute's  30  ft.  exhibit  on  "Fundamentals  and  Applications  of  Molecular  Biology." 
In  addition,  a  small  portable  exhibit  is  available  for  short-term  displays.   This 
exhibit  can  be  modified  to  present  information  on  any  of  the  NIAMDD's  program 
areas. 

Unfortunately,  the  condition  of  several  of  the  exhibits  is  less  than  desirable. 
The  CF  and  the  HGH  exhibits,  for  example,  present  out-dated  research  and 
statistical  information,  while  the  latter's  antiquated  design  is  in  need  of  repair. 
The  AK-CU  exhibit,  although  essentially  current,  lacks  explanatory  captions  on 
the  photos,  and  its  design  reflects  the  early  1960's.    A  concerted  effort  requiring 
the  cooperation  of  intramural  staff  is  necessary  to  re-establish  a  presentable  and 
professional  exhibit  program.    Unless  several  of  the  exhibits  are  refurbished,  it 
would  be  best  from  a  public  relations  point  of  view  that  the  Institute  not  display 
them  in  their  current  condition. 

Public  Inquiries 

Inquiries  from  the  general  public  deal  with  such  diverse  subjects  as  specific 
disease  entities,  controversial  forms  of  therapy,  so-called  "breakthroughs"  in 
particular  research  areas,  financial  aid  from  the  Federal  Government  and  "cures" 
for  certain  diseases.    Such  inquiries  may  originate  with  patients,  their  relatives  and 
friends,  students  engaged  in  science  projects,  physicians  and  scientists. 
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Considerable  staff  time  is  devoted  to  answering  telephone  and  letter 
inquiries,  and,  if  referral  to  another  agency  is  indicated,  this  is  done  with  dispatch. 
In  1977-78,  OSTR  replied  to  2,315  telephone  inquiries  and  2,120  letter  requests  — 
a  total  of  more  than  1^,^35  such  inquiries,  exclusive  of  routine  requests  for 
publications. 

Publications  requests  are  consistently  high,  due  primarily  to  the  diversity  of 
the  disease  areas  within  the  purview  of  the  NIAMDD.    A  part-time  employee  handles 
these  requests,  averaging  an  approximate  mailing  of  100  publications  per  day. 
During  peak  periods  ~  for  example,  after  the  advertisement  of  "How  to  Cope  with 
Diabetes"  in  the  American  Diabetes  Association's  Diabetes  Forecast  ~  output 
increased  an  average  of  50-75  publications  daily.   With  the  availability  of  several 
new  publications,  the  weekly  mailing  totals  are  expected  to  rise  concurrently. 

Congressional  Inquiries 

Mail  and  telephone  inquiries  from  the  Congress  and  White  House  are  many, 
varied  and  ever  increasing  in  number.    Such  inquiries  may  sometimes  come  in  waves, 
and  apparently  can  be  motivated  by  any  number  of  factors.    In  FY  1978,  monthly 
inquiries  ranged  from  a  low  of  19  in  December  1977  to  a  high  of  28  in  Vlarch  1978. 
These  periodic  waves  often  reflect  timely  nationwide  interest  in  various  pieces  of 
health  legislation  which  are  relevant  to  the  Institute's  research  mission. 

Congressional  inquiries  invariably  have  tight  deadlines  and,  therefore,  are 
given  priority  over  every  other  OSTR  function.    Most  inquiries  concern  ill  con- 
stituents, their  families  and  friends;  funding  of  individual  grants  and  specific 
research  programs;  lobbying  efforts  of  numerous  voluntary  health  agencies; 
proposed  "cures"  for  various  ailments;  requests  from  constituents  for  financial 
assistance;  and  the  Federal  funding  status  of  a  particular  research  area. 

In  the  past  decade,  Congressional  mail  and  telephone  inquiries  directed  to  the 
OSTR  have  escalated  from  one  or  two  monthly  to  the  present  average  of  2^+  per 
month.    During  FY  1978,  OSTR  staffers  replied  to  298  Congressional  inquiries. 

Press  Activities 

Press  and  related  activities  form  an  integral  part  of  the  OSTR's  overall 
public  information  program.    In  line  with  established  policy  to  publicize  the 
NIAMDD's  research  activities  and  programs,  the  OSTR  prepares  and  disseminates 
a  number  of  press  releases  each  fiscal  year.    These  are  distributed  widely  to 
science  writers  affiliated  with  various  metropolitan  newspapers  and  medical  media, 
radio  and  television  newscasters,  numerous  scientific  journals,  as  well  as  other 
outlets  to  the  public  and  professional  communities. 

Representative  press  releases  in  FY  1978  announced:   (1)  the  award  of  $5.5 
million  in  grants  to  establish  five  Diabetes  Research  and  Training  Centers; 
(2)  the  issuance  of  a  new  publication,  Diabetes  Data,  a  compilation  of  statistical 
information  relevant  to  the  full  scope  of  this  public  health  problem;  (3)  the  award 
of  $2.5  million  in  grants  to  support  15  Multipurpose  Arthritis  Centers  throughout 
the  country;  (4)  and  the  suggested  guidelines  for  the  operation  and  function  of  the 
newly  created  National  Diabetes  Information  and  Education  Clearinghouse. 
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In  addition,  two  Institute-related  articles  were  published  in  the  monthly 
magazine,  Pharmacy  Times,  in  FY  1978.   "What  You  Should  Know  About  Nutrition," 
authored  by  an  OSTR  staff  member,  appeared  in  the  December  1977  issue.   "What 
You  Should  Know  About  Kidney  Dialysis,"  co-authored  by  the  NIAMDD  Associate 
Director  for  Program  Analysis  and  Scientific  Communications,  was  printed  the 
following  month.   Reprints  of  these  articles  were  ordered  by  OSTR  and  are  available 
for  distribution. 

Press  relations  played  a  significant  role  in  the  nationwide  activities  of 
the  National  Digestive  Diseases  Commission  in  FY  1978.   Throughout  the  year, 
hearings  were  held  in  cities  around  the  country  to  solicit  public  opinion  on  patient 
needs  and  research  priorities  pertinent  to  this  broad  family  of  diseases.   A  central 
NIH  information  person  was  detailed  to  OSTR  to  do  advance  publicity  in  these 
locations  prior  to  the  hearings,  and  to  follow-up  with  television  and  radio  inter- 
views with  the  Associate  Director  for  Digestive  Diseases  and  Nutrition,  NIAMDD, 
and  key  Commission  personnel. 

For  similar  DD  Commission  activities,  an  OSTR  staff  member  was  assigned 
to  that  group  to  prepare  a  comprehensive  report  which  outlined  in  detail  the 
digestive  diseases-related  research  projects  of  all  the  components  of  the  National 
Institutes  of  Health.   A  ranking  member  of  the  Commission  to  whom  the  report  was 
submitted  was  most  complimentary  of  this  work  performed  by  OSTR. 

An  often  overlooked  function  of  the  OSTR  is  servicing  the  agency  house  organ, 
the  NIH  Record.   During  FY  1978,  OSTR  staff  members  prepared  an  average  of 
three  stories  per  month  exclusively  for  this  publication.    In  addition,  the  Record 
routinely  received  copies  of  all  NIAMDD  press  releases  and  announcements,  (which 
are  often  published  in  entirety)  as  well  as  copies  of  all  NIAMDD  weekly  reports. 
Representative  NIH  Record  stories  in  FY  1978  discussed:   (1)  the  major  research 
advances  in  leprosy  chemotherapy  pioneered  by  NIAMDD  scientist  Dr.  Y.T,  Chang; 
(2)  the  11th  Annual  Contractors'  Conference  of  the  Institute's  Artificial  Kidney- 
Chronic  Uremia  Program;  (3)  the  appointment  of  Dr.  Carl  M.  Leventhal  as  NIAMDD 
Deputy  Director;  (^)  the  work  of  biology  technician  Louise  Atwell  with  poison-dart 
frogs  whose  toxins  are  used  for  research;  (5)  a  seminar  on  osteogenesis  imperfecta; 
(6)  the  availability  of  the  new  publication,  "How  To  Cope  With  Diabetes;"  (7)  the 
American  Gastroenterological  Association's  1978  Student  Research  Prize  won  by 
a  20-year-old  normal  volunteer  for  research  done  at  NIAMDD;  (8)  the  presentation 
of  the  Arnold  B.  Tuttle  Memorial  Award  to  Dr.  G.  Donald  Whedon  by  the  Aerospace 
Medical  Association. 

Radio  and  Television 

Dr.  Lester  B.  Salans,  Associate  Director  for  the  Diabetes,  Endocrine  and 
Metabolic  Diseases  Program,  appeared  on  NBC  news  with  Carol  Simpson.   Dr.  Salans 
discussed  progress  and  prospects  for  research  in  diabetes.    Also  regarding  diabetes, 
the  research  of  Dr.  Jesse  Roth  and  his  staff  associates  was  featured  in  a  New  York 
Times  article  by  science  writer  Harold  M.  Schmeck,  3r.    The  article  appeared  as 
part  of  a  series  on  the  creative  process  of  scientific  research. 
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